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ABSTRACT 

It was hypothesized than an inability to perceive 
auditory stimuli is cause for difficulty in perceptual 
processing of certain sensory information. Sixty-six 
hearing impaired and normal-hearing subjects were tested 
on intra-modal, intra-condition, cross-modal and cross- 
condition transfer problems. Mean total correct responses 
Ag the problems were compared between and within the groups 
of normal hearing and hearing-impaired subjects. Hearing 
subjects produced significantly more correct responses 
than deaf subjects on cross-modal and modality-incongruent 
tasks. As expected, no differences between groups were 
found when tasks involved stimulus distributions in which 
both groups were equally experienced. It was concluded 
that the poorer performance of the hearing-impaired sub- 
AECtS COlULGsineparteaccount for ‘their linguistic and 
reading difficulties when they are taught in a traditional 


Manner. 
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CHAPTER I 
INTRODUCTION 


Background 

In recent years, a great deal of literature con- 
cerning the phenomenon of cross-modal transfer has been 
accumulated. 

A simplistic description of this phenomenon is 
provided by Blank and Bridger (1964) as, ". . . the use of 
information acquired through one sense modality in solving 
problems presented in another modality." The factors 
involved in cross-modal transfer have been examined for 
various purposes, some of them heuristic. Most of the 
studies related to this subject have centered around find- 
ing instances in which the phenomenon occurs, how it occurs 
and why some modes of presentation are more amenable to its 
occurance than others. Among the studies most relevant to 
education are those conducted by Birch and Belmont (1964) 
that have related the inability to transfer and integrate 
information across modalities to reading retardation. 

This thesis will present an explanation for the 
unusually large proportion of reading retardation among 


the deaf population (Vernon, 1970). 
The correlates of reading retardation are of 


particular concern. The often stated reason for 
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this retardation is language deficiency. But language 
learning for the school-aged deaf child is based on read- 
ing, in which case a more legitimate problem to explore 
would seem to be the Correlates of reading retardation that 
result in perhaps concommitant linguistic deficiency. 

Reading has been characterized by educators as a 
process involving transfer from visual-spatial symbols to 
auditory-temporal equivalents. The underlying assumption 
of this characterization supposes that the language upon 
which reading is based is auditorally acquired. This 
assumption is easily appreciated when one is considering 
teaching reading to a child whose hearing is unimpaired 
and has, in fact, an auditory language foundation. For 
such a child, reading is to a large extent a cross-modal 
transfer performance. For a hearing child, the inability 
to integrate information across modalities may be the 
res unit of inadequate experience with such tasks (Gibson, 
1969). However, we are concerned here with an explanation 
of reading retardation among the deaf. 

The language base for the deaf child is visual. 
This is demonstrated in O'Corinor and Hermelin's study of 
sensory deprivation (1971) which reveals that when a 
modalitysof, inputeis) restricted, «s timul ies peci fic, tothe 
non-functional modality are not likely to be coded, espe- 
cially in the fashion dominant for that modality, e.g. 


temporal. In other words the deaf child will tend not to 
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process temporal inputs, or may try to convert them since 
they are specific to only the auditory and tactile modal- 
ities. The deaf child learns language visually. If 
language is visually-based for the deaf and the components 
of reading are visual-spatial stimuli, then the problem of 
learning to read is one that is intramodal and not cross- 
modal and perhaps rather easy. Reading remains a transfer 
task, but a transfer from concrete objects, spatially 
distributed to written words, also spatially distributed. 
The Significance of this paradigm will become clear 
when we consider the prevailing method of reading instruc- 
tion for the deaf. When young deaf children are given 
language training, there is usually a conterminous intro- 
duction to reading (McGinnis Method, Tracy Clinic Hand- 
aaa, Sounds are broken down into phonemes and later 
combined into sequences. The child is expected to "read 
the lips" as well as to focus his attention on visible 
vocal operations (e.g., movements of the jaw), distin- 
guishing facial expressions. Tactile responses are also. 
expected (such as feeling the vibrations of his vocal 
folds). The child is then expected to integrate and 
"understand" a sequential arrangement of all these stimuli. 
Furthermore, the child is then required to use the infor- 
mation he has acquired from this training procedure and 
reproduce it motorically (involving another modality) . 
Some investigators (Blank & Bridger, 1964) were 


unable to elicit cross-modal transfer responses in their 
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younger subjects. Yet many educators and parents expect 
the deaf child to not only interpret a temporal sequence 
through a visual modality, but to transfer whatever infor- 
mation is being processed to a motoric modality. Not one, 
but many visual stimuli are presented. This seemingly 
impossible task is compounded when the child reaches 


school age and must begin learning how to"read." 


Reading thus becomes another transfer problem. 
Visual temporally presented stimuli (lip-reading) are 
associated with visual stimuli that are spatially distri- 
buted. All temporal stimuli are expected to be assimi- 
lated, processed and transferred to a visual image (a 
word) and transferred across modalities again to be 
verbalized. Another dimension to this instructional pro- 
cedure involves not only processing these stimuli to be 
stored, but, processing them for meaning. Beyond the fact 
that verbal associations to visual stimuli are expected 
to be established, the child must be able to identify the 
word, or visual stimulus, meaningfully; i.e., to recognize 
its associated concrete object. 

Learning to read for the deaf child is a phenom- 
enon so much more complex than it is for his hearing peers 
that retarded reading and linguistic deficiency would seem 


to be accomplishments in themselves. 
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Statement of the Problem 

This thesis maintains that linguistic and reading 
ability for the deaf are one and the same; that competence 
in both is predicated upon the ability to process percep- 
tual information. The perceptual process with which this 
study is concerned is the coding of information presented 
eigen spatially or temporally within or between different 
sensory modalities. 

PaSt. research Suggests that a ‘sensory, deticit wait 
impede an individual's performance at the coding and inte- 
gration of sensory input. This thesis proposes that a 
sensory deficit such as deafness restricts individuals to 
the intact sensory modalities for the reception of infor- 
mation to be coded and Se ECR SL. thus precluding them 
from estaeientere aeataistnans to persons not sensorily 
deprived. Therefore, facility in cortical processing of 
sensory information is a function of experience with 
such information. 

Until a plausible explanation of reading retar- 
dation among the deaf can be determined, research designed 
to modify instructional strategies or presentation modality 
will not be soundly based. The review of the literature 
(Chapter II) is focused on possible determinants of 
reading retardation among the pre-lingually deaf popu- 
lation. This examination will be concerned with the 


perceptual facets of the problem as opposed to the 


linguistic considerations--although both are significant. 
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The responses of deaf and hearing children to 
different modalities and conditions of stimuli for presen- 
tation and transfer were evaluated. The optimum presen- 
tation and response modalities were determined by a 
testing procedure involving various modalities and condi- 
tions in combination... The findings of the study generated 
suggestions for alternative methods of instruction and 


language acquisition for the congenitally deaf child. 
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CHAPTER II 
THEORETICAL AND METHODOLOGICAL BACKGROUND 


A Theoretical View: Language and Its 
Relation to Simultaneous and 
Successive Processing 

While language probably does not function as a 
mediator in Srossemadat operations (to be explicated in 
the section on mediation), language is a phenomenon which 
to a great extent is dependent on cross-modal and simul- 
taneous and successive information processing (Hermelin & 
O*Connor, 1970).°" As Lashley “(1960) “so aptly “informs “us 
linguistic performance, including verbal responses and 
syntactical arrangements of language units, is not a 
manifestation of structuring which is inherent to the 
language system. Language performance is, rather, a conse- 
quence of a potential characteristic to human beings; i.e., 
the ability we have to arrange linguistic components into 
a particular kind “of “serial order, to percéive such’ arrange- 
ments and otherwise carry out the necessary integration of 
stimuli across modes for either the delivery or reception 
OL Linguistic tOrms. 

Since we owe a significant degree of our under- 


standing of the integrative activities of the cerebral 
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cortex to A. R. Luria, it is appropriate to begin a dis- 
cussion, concerning the relation of these activities to 
the phenomenon of language, with this renowned Soviet 
psychologist. In The Human Brain and Psychological 
Processes (1966), Luria has provided a division of inte- 
grative activity into the two forms introduced by I. M. 
Sechenov in 1878. These two forms of integration are 
simultaneous and successive synthesis. Luria related his 
observation that simultaneous and successive synthesis 
appear to occur at three different increasing levels of 
complexity in human behavior, which he designated as the 
(1) perceptual, (2) mnestic and (3) intellectual levels 
of pre es pions’. 

Beginning with an example of an instance of simul- 
taneous processing at the perceptual level, Luria remarked 
that when glancing at a complicated picture, although one 
tends to examine the parts gradually, distinguishing the 
essential elements, ee =O Te WS Are. Ud bas them into a Single 
entity, a unified visual structure [p. 74]." Analogously, 
stimuli felt by the hand are explored consecutively but 
are integrated into a simultaneous scheme when processed 
by the brain, and are then rendered as a unified image. 
Similar processes of synthesis were noted to take place in 
the acoustic analyzer for example, in the form of chords. 

Such synthesis is equally evident at the mnestic 


level of processing. Lastly, the importance of simultaneous 
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Synthesis was stressed as a condition for complex intel- 
lectual processes "whether the grammatical system of a 
language or a system of arithmetical concepts [p. 76]." 
"The grasping of any system of relationships .. . is 
impossible without arrangement of the elements into a 
simultaneously surveyable scheme [p. 76]." This is evi- 
dent in the fact that a disturbance of the simultaneous 
function can effect a "disintegration of . . . correspond- 
ing grammatical relationships [Luria, p. 76]." On the 
basis of observations of patients with brain lesions Luria 
suggested that the parieto-occipital region of the cortex 
is specialized for the synthesis of elements into spatial 
groups. | 

Following his discussion of the levels of simul- 
ee emi hies se Luria described its perceptual counter- 
part, successive synthesis. Such synthesis functions in a 
dissimilar manner to the extent that stimuli are not 
simultaneously surveyable, but are united into a series 
such that each stimulus is a part of a serial order in 
which they are interrelated as links of a chain. Luria 
.has proposed that the parieto-temporal region of the brain 
is responsible for the synthesis just described. 

Examples Luria used to demonstrate this operation 
at the perceptual level are a melody, in which elements 
are organized in time, and any skilled movement in which an 
initial movement evokes the expression of a specific order 


of other movements, forming a "kinetic melody [p. 78]." 
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With respect to language, which is a manifes- 
tation of a sequential system at the intellectual level, 
Luria cited narrative speech, confirming Lashley's 
observations. 

In accord with Luria's theory, Lashley delineated 
language as an advanced form of integrative functioning, 
when, in an essay’ entitled; "The Problem of Serial order," 
(1960) he described the phenomenon as representing 
Peer Sein asmost “striking” form thé sintegrative functions 
that are characteristic of the cerebral cortex and that 
reach their highest development in human thought pro- 
cesses [p. 507]." He pointed out that temporal inte- 
gration is not exclusive to language, but can be found in 
all coordinated movements of humans, as well as those of 
other animals. While temporally integrated actions occur 
among even insects, "they do not reach any degree of 
complexity until the appearance of the cerebral cortex 
[pe eo0 oy a" 

Considering the structure of the sentence, Lashley 
suggested that numerous integrative processes can be 
inferred to take place in the process of their construc- 
tion. He thus proceeded to describe in detail the hier- 
archy of integrations involved in the expression of 
language. Lashley presented a detailed analysis of the 
pronunciation of a word: 

Pronunciation of the word "right" consists first of 


the retraction and elevation of the tongue, expiration 
of air and activation of the vocal chords; second, 
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depression of the tongue and jaw; third, elevation 
of the tongue to touch the dental ridge, stopping 
of vocalization, and forceful expiration of air 
with depression of the tongue and jaw.... 
Pronunciation of the word "tire" involves the same 
motor elements in reverse order. Such movements 
occur in all permutations [p. 509]. 


Not only has Lashley. presented a very graphic 
account of the complexity of the enunciation of a word, 
even more importantly, he alerts his readers to the fact 
that the order of the motor elements is not due to an 
intrinsic association between them, but is instead the 
result of the, controleor direction, of some, discrete 
agent. Lashley next advanced his proposal to account 
for the syntax of sentences. 

From such considerations it seems to follow that 

syntax is not inherent in the words employed in 

the idea to be expressed. It is a generalized 

pattern imposed upon specific acts as they 

etetenbha fi bele: coy ae iy P 
Lashley presented a convincing argument to demonstrate the 
generality of the problem of syntax in the following 
statement: 

. . . the problems raised by the organization of 

language seem to be characteristic of almost all 


other cerebral activity. There are a series of 
hierarchies of organization: the order of vocal 


movements in pronouncing the words, the order of 
words in the sentence, the order of sentences in 
the paragraph, the rational order of paragraphs 
in a discourse [p. 515]. (emphasis added) 
By providing a comprehensive analysis of the sym- 
bolic modes including visual imagery and language, Paivio, 


in his book entitled Imagery and Verbal Processes (1971), 


developed the theoretical discussion concerned with the 
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integration of stimuli. Paivio imparted a modality- 
specific viewpoint when he expressed that the verbal system 
is specialized for sequential processing dealing with 
temporally organized patterns, while visual perception can 
be regarded to be specialized for parallel processing of 
Spatial stimuli. He spoke of Neisser, who suggested a 
principal of operationally parallel functioning in 
addition to parallel organization of stimuli. Opera- 
tionally parallel functioning is not necessarily simul- 
taneous, as parallel functioning is. Instead, if items 
ean besseriallysordered,but anyselementsin a system is 
not dependent on the outcome of another, they function 
independently. On the other hand, sequential processing 
ie defined by the interdependency of the units in the 
sequence, i1.e., one point in a sequence is determined by 
the point prior to it and in turn determines the next 
in the series. Visual imagery, according to Paivio, is a 
parallel processing system, both spatially and opera- 
tionally, but it has a capacity for serial processing. 
Paivio found parallel and sequential processing 
features in the verbal symbolic system as well. However, 
he qualified, because the verbal symbolic system is 
functionally associated with the auditory-motor system 
it is only operationally parallel. He claimed that due 
to "considerable freedom of choice or independence of the 


units at any level--one is free to say what one wants and 
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there are different ways of saying it; this process is 
operationally parallel” [py"36)]~" “However, "this argument 
seems a bit weak. Paivio's statement that meaning is 
determined by the orderly arrangement of units is more 
convincing. 

There has been some research which has called into 
question the existence of the simultaneous and successive 
processes. These conditions may or may not occur in the 
processing of information as described by the above inves- 
tigators, but it appears important to retain these con- 
structs for the purpose of describing the nature of input 
and response (see Tulving & Lindsay, 1967; and references 


they make to Treisman & Broadbent and Gregory). 


Physiological Attempts to Explain 


Integrative Processes 

Most of the research is in agreement regarding 
the obvious--that there is an integrative mechanism 
responsible for the synthesis and equivalence of different 
sensory modes. That experiences seem to be (1) equi- 
potential and (2) intermodaly reciprocal, has led many 
investigators of this phenomenon to conceive of cross- 
modality as a function regulated by a discrete mechanism 
which operates independent of the efferent system. The 
questions, however, remain: What is it? Where is it? 
What color is it? How many is it? The pursuit for some 
physiological manifestations of this mechanism to provide 


observable evidence of its existence is not wholly 
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dissimilar to the evolutionists’ search for the hypo- 
thetically deduced missing link. 

It 1s perhaps the case that process can be hypo- 
thesized on the basis of an understanding of input and 
response--the conceptualization to follow is an illus- 
tration intended to explicate a relationship: that of 
the input, process, response trilogy (see Figure 1). 

This framework should elucidate some of the 
structural ambiguities concerning the system of cross- 
modal coding and simultaneous and successive processes. 
Though the "process" could be the same mechanism respon- 
sible for both cross-modal integration and the integrative 
activity of simultaneous and successive integration, they 
May on the other hand be different mechanisms. It would 
be the case that the mechanism is the same for WAN pro- 
cesses if stimuli were in fact modality-congruent. The 
pi Ib tS om at - h o o) 0 eee is intended to apply to both. 

This is not an attempt to suggest that by such 
an effort we can derive an explanation of the "process" 
which will be empirically satisfactory. However, the 
conjecture does suggest a viable direction of concentration 
for further research, as well as a framework from which to 
examine the research in retrospect. This is to say that 
information describing the contingencies relating input 
to response would enhance our efforts to understand the 


conduct of the process. Possibly, once we are capable of 
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determining a physical representation of the features of 
cerebral organization, we can use our kncwledge about the 
nature of a stimulus and response to account for the 
equivalence among sensory modes and the way in which 
transfer occurs, including the nature of simultaneous 

and successive integration. 

What follows is a summary of just such a search 
for an integrative mechanism. Three persons in particular 
have presented cogent descriptions of the physiological 
activities hypothesized to be responsible for simultaneous 
and successive processing and modality equivalence. 

Attempts to explain the mechanisms HOR in 
cerebral integrative functioning seem to have begun with 
Luria (1966) and his studies of brain-damaged patients. 
Observing that disturbances in the visual and acoustic 
spheres resulted from lesions in specific-areas of the 
brain led Luria to conclude that certain areas of the 
cortex specialize in the synthesis of stimuli into simul- 
taneous groups and successive series (p. 79): 

Whereas lesions situated within the parieto-occipital 
region of the cortex causes disturbances of the 
synthesis of elements into simultaneous (spatial) 
groups, investigations of patients with lesion of 


the anterior regions of the brain and primarily of 


the frontal-temporal regions, yield completely 
difterent ‘results™.** ." “They are primarily 
associated with the analysis of stimuli separated 
from each other in time and with their synthesis 
into successive series [p. 103]. (emphasis added) 


Luria's claim that integrative functions tend to 


be modality congruent or (he might prefer) modality 
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specialized, is a deduction derived on the basis of 
observing impaired subjects, which for some seems to be 
an unsophisticated jump to conclusions. However, the 
association between particular sensory modes and certain 
integrative functions is not entirely unfounded, as other 
research has demonstrated. 

K. S. Lashley (1960) submitted that there appears 
to be a mechanism responsible for parallel and sequential 
organization. Lashley concluded that nervous organization 
probably consists of "elaborate systems of interrelated 
neurons capable of imposing certain types of integration 
upon a large number of widely spaced effector elements 
[p. 520]." He hypothesized that successive and simul- 
taneous systems are distinct in that successivity seems to 
be a manifestation of temporally distributed waves of 
effector excitations, while simultaneity occurs when 
receptor and effector elements are directionally polarized. 
area Hay referred to these processes as "a sort of sub- 
stratum upon which other activity is built [p. 520]." 

With regard to language, a recognized complex type 
of integration, Lashley posited that before words are used 
in a sentence they may be held in a state of partial 
excitation, or "primed," as he designated it, while another 
neural system scans the arrangement to determine the order 
in which the sentence will be emitted: "that elements of 


the sentence are readied or partially activated before the 
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order is imposed upon them in expression, suggests that 
some scanning mechanism must be at play in regulating their 
temporal sequence [p. 422]."  Lashley's position rests in 
the hypothesis stage of sciencing, but represents a very 
credible viewpoint nonetheless. 

Karl Pribram, in Languages of the Brain (1971), 
seemed to concur with Lashley. He discussed the work of 
Don Perkel and Theodore Bullock (1971, p. 74), who have 
studied simultaneous and successive coding in fish. 
Although Pribram had not been able to isolate analogous 
processes in the human brain, he suggested that it is 
highly possible that such coding operates in man as well. 
Essentially, Perkel and Bullock examined the radar-like 
Signals discharged by the electric organs of the fish. 
There appeared to be evidence of temporal codes in the 
form of | 

- - . shifts in latency, the duration of bursts, 

the overall probability of firing and the variation 

in this probability, the incrementing or decrementing 

of firing or its rate of change are all altered in 

one or another set of conditions [p. 74]. 
Perkel and Bullock referred to the spatial coding that they 
observed as "ensemble" processing. Arrays of parallel 
nerve fibers or spatially distributed "impulse trains" were 
observed to suggest this. As Pribram reported, Perkel and 
Bullock hypothesized that probably another mechanism in 
the Central Nervous System was responsible for integrating 


the messages. Pribram logically inferred that such a 
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c 
mechanism would account for the integration of stimuli 

in the human brain. He believed this mechanism to "take 
place at neural junctions in the production of slow 

- potential microstructures resulting from the interactions 
among ensembles of neighboring and successive impulse 
coded signals [p. 74]." It is evident that before psycho- 
logists will accept this account, Pribram's physiological 
explanatory "package" must be adopted in its entirity. 


Only further research can determine its validity. 


Summary 

Three noteworthy investigators, Luria, Lashley and 
Paivio, have commented on the phenomenon of language and 
its relation to certain perceptual processes. All three 
Maintained that the conduct of language at various levels 
of complexity is dependent upon cortical information pro- 
cessing of a binary nature. These processes are simul- 
taneous and successive integration of stimuli perceived 
through visual, auditory and tactual modalities. 

Luria discussed the (1) temporal aspects of succes- 
Sive synthesis in which a serial order dominates the 
organization of discrete stimuli, and (2) an apparent 
spatial dimension of the integrating mechanism which per- 
mits stimuli to be surveyed concurrently. This dimension 
is proposed to account for the human ability to understand 


and generate grammatical units in the form of relationships.. 
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Lashley elaborated on Luria's conceptual framework 
by describing the multi-organizational operations essential 
for the production of language. The integration of these | 
Operations is attributed to some supra-ordinate controlling 
mechanism. 

Paivio tendered the notion that particular sensory 
modalities appear to be specialized in dealing with the 
two integrative functions just described. This notion 
bears a marked resemblance to Luria's suggestion that 
specific areas of the brain are specialized for simul- 
taneous and successive processing. 

The three investigators under discussion have 
contributed a great deal to our understanding of the nature 
of perceptual stimuli and their Pofattonsiip in behavioral 
and-tinguistic’ contexts. “But the* first two}"huria and 
Lashley, and another, Pribram, have made attempts to 
determine the physiological process by which stimuli are 
cerebrally integrated. | 

Luria proposed that there appears to be some evi- 
dence for areas of the brain which are specialized for 
dealing with simultaneous or successive series of stimuli. 
These areas, not by chance, correspond to the loci of 
visual and auditory perception. Luria thus posited the 
locations in the brain where he believed integrative 
functions take place. 

Lashley offered a description of integration which 


is even more specific than that of Luria. He arrived at an 
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explanation which suggests that there is a scanning 
mechanism made up of ". . . elaborate systems of inter- 
reverse heurend [Goya ree 20)" wileh would account, .OT 
the ability to integrate stimuli. Pribram, on the other 
hand, submitted that human spatial and temporal processing 
operates much like that which Perkel and Bullock observed 
in fish, and regards processing to be the result of 

", . . interactions among ensembles of . . . impulse 
cededtstgnals s(PS7LR8p FP 74)-F" 

Each of these attempts to explain the physiological 
nature of the integrative mechanisms, or processes, are 
logically sound, but the actual process as yet remains 
empirically unidentified. It is reasonable to conclude 
then, that these attempts are, in fact, only hypothetical 
constructs. This thesis will therefore attempt to discuss 
the problem of integration in terms of what can be measured 


and identified, i.e., to discuss the conduct of input and 


response. 


Comprehension Notwithstanding: The Reading Process 
When we speak of reading in education today we are 
often inclined to elevate it to an almost mystical level of 
complexity. An attitude of this kind generally regards 
reading as a phenomenon inseparable from its associated 
linguistic components. However, reading can be analyzed as 
an independent phenomenon when we consider it in terms of 


process and not function. Reading is very simply a decoding 
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process. It is a process that requires transfer of written 
material from a visual to an auditory mode. When a child 
learns to read, he perceives words (visual input) and then 
Says them aloud or to himself (decodes them into an audi- 
tory mode). Clearly, this process assumes that the mode 
tntosgwhichuthe,wordeisecoded (the.oral emode)..is intact. 
Reading is thus considered to be auditorally based and the 
predominant method of teaching reading is an oral one. We 
refer to this process of transferring visually-perceived 
words to verbalizing them as The Look-Say Method or cross- 
modal transfer (transfer from a visual to an auditory mode 
Or an auditory to a visual mode). 

Stimuli distributed in a temporal fashion are 
judged to be more specific to processing by the auditory 
modality due to the nature of auditory perception, whereas 
stimuli distributed in a spatial fashion are more likely 
to be processed by the visual modality. 

There is reason to believe that the deaf will be 
poorer than their hearing peers at solving cross-modal 
tasks involving transfer from a temporal to a spatial mode 
of processing and a spatial to a temporal mode. Hermelin 
and O'Connor (1971) have dealt with sensory deprivation 
studies demonstrating that (1) hearing subjects show a 
preference for coding information temporally, and (2) deaf 
subjects have a tendency to process information spatially. 


It is hoped that an examination of the literature 


and the study following it will suggest an optimum method 
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of instruction for the deaf, whereby information will be 
processed efficiently and reading difficulties will be 
Minimized. 

The following representation shows that there can 
be an interaction across modes and between conditions. 
Each mode can be presented in either a simultaneous or 
successive condition. That is, a pattern of stimuli can 
be presented all at once in a spatial array or in discrete 
units temporally distributed. A schematic representation 


of the cross-modal transfer process appears in Figure 2. 


A Correlate of Reading Achievement: 
Cross-Modal Ability 

Although the manner in which information is pro- 
cessed by the brain is important for our understanding of 
the Wercenma’ aspects of deafness, our investigation is 
not complete until the nature of the reading process is 
more thoroughly understood. 

In their 1964 studies, Birch and Belmont attempted 
to relate cross-modal transfer (CMT) success to the ability 
of learning to read. Referring to a study by Harris 
(1964, p. 858), Birch and Belmont pointed out that reading 
involves learning to recognize visual counterparts of 
auditory symbols. This basis begins the framework of 
their hypothesis: "A primary disturbance in the api ley co 
integrate stimuli from the two critical sense modalities, 


hearing and vision, may well serve to increase the risk of 
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Independent Variables 


Modes: auditory 
visual 
tactile 

Conditions: simultaneous 

successive 


. Dependent Variable 


task results 


= Cross-modal transfer 


Xx 
O = No cross-modal transfer 
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Fig. 2.--A schematic representation of the 


cross-modal transfer process. 
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becoming a poor reader [1964, p. 858]." In an experi- 
mental setting, subjects were required to identify a 
visual-spatial dot pattern following presentation of a 
corresponding auditory-temporal sequence and vice versa. 
This task implicitly involved a recognition of the equi- 
valence of these modalities and a transfer of learning. 
Results of 150 retarded and 50 normal readers were then 
compared to reading achievement, As predicted, poor 
readers were less able to integrate stimuli across moda- 
lities than good readers, although reading incompetence 
is not entirely attributed to cross-modal or er ao 
Evidence cited to support the proposition is the same as 
that used to subStantiate mediational theories, i.e., 
CMT HWs=not*anabiiity characteristic of young children .and 
animals (Gibson, TODOS» vo 390) 4 Although CMT has been 
observed to occur later in development, for the most part 
(such as the failure of 3-year olds to perform CMT tasks, 
but success for 5-year olds) the assumption that develop- 
ment alone is responsible is not convincing. 

rt may~be that- the’ abr lity* to perform” such’ tasks 
does not become manifest until experience in the perfor- 
mance of these activities has been established. O'Connor 
and Hermelin (1964) suggested that experience with 
modality-specific processing and coding is effective in 
eliciting transfer abilities. "Tactile presentation may 


have to be more frequent for the formation of a stable 
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image which could be transferred to another modality 
[p. 234].." Further evidence is indicated by the obser- 
vation that transfer from successive auditory stimuli was 
found to be less difficult for young hearing subjects 
(Banthi dh 66nep.a447)eulFurthr;stated] that;-Linguistice 
experience provides practice in "discriminating and 
learning combinations of sequentially presented material 
[p. 447]." He advanced that an experiential deficit in 
sequential tasks is cause for the inferior scores of the 
hearing-impaired subjects on successive tasks. 

An experiment reported by Carterette and Jones 
(1967) supports Furth's conclusion. Carterette and Jones 
described their experiment as part of a series which 
examined the influence of linguistic redundancy on the 
abr iityero, learnaverbal, material. This experiment, in 
particular, sought to investigate the precision with which 
subjects respond to auditorally and visually presented 
verbal material. Three groups of children at different 
age levels were compared with adults on tasks requiring 
continuous processing of sequentially presented infor- 
mation. This procedure was chosen on the basis of its 


resemblance to the reading and listening process. Subjects 


were merely required to respond by saying "old" or "new 
to the presentations. Experimenters concluded that modal- 
ity of presentation was a significant factor in language 


processing leading them to suggest that visual and 
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auditory presentations are not equally as effective for 
the presentation of verbal information at all ages. 
Despite the fact that words of high language frequency - 
were presented, younger children performed more poorly 
than older ones and adults for visually presented lists. 
Accuracy for visually presented material increased with 
age until adulthood when processing of visual material 

was equal to that of auditory. The experimenters inferred 
that differences were probably due to experience. The 
school, in which students are required to attend to 


visually presented information, provides such experience. 


Summary 
It has been suggested that the ability to inte- 


‘grate stimuli from the visual to auditory or auditory to 
visual modalities is necessary for becoming an adequate 
reader (Birch & Belmont, 1964). Several. investigators 
(Carterette & Jones, 1967; Furth, 1966; O'Connor & 
Hermelin, 1964) have concluded, on the basis of empirical 
findings, that experience with cross-modal coding is 
responsible for the differences found between those who 
perform well and those who perform more poorly on tasks 
involving judgements of equivalence between modes, i.e., 


reading tasks. 
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After Information is Stored: The Process 
of Cross-Modal Transfer 

The general procedure for cross-modal transfer 
experiments involves (1) training a subject in one modality 
‘to. make responses to. a set of stimuli and (2) following 
training, to make similar responses to stimuli that are 
equivalent or resemble that of the training task, but 
(3) are presented in a different modality. Transfer is 
considered to have taken place if the subject was able 
to identify corresponding stimuli in another modality. 
It is assumed that recognition of a stimulus presented in 
another modality is facilitated by the training procedure. 
Cross-modal research has included transfer from tactile, 
visual and auditory modalities involving all permutations 
of these in combination. Whether or not verbal mediation 
is necessary for translating one type of modality input 


into another has been debated. 


Cross-Modal Transfer: The Mediation Hypothesis 
Versus The Developmental and 


Learning Viewpoint 


A. The mediation hypothesis. The mediation hypo- 


thesis implies that CMT is a characteristic of the 
verbally-inclined: those who are familiar enough with. the 
manipulation of language symbols to describe the invariant 


features of modality inputs and transfer them to equivalent 


stimuli in another modality. 
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In an experiment in which transfer effects from 
touch to vision and vision to touch were measured, 

Gaydos (1969): concluded that "verbalization seemed to 
play an important part in the learning for many of the 
subjects, [pi. 109]...... The, experimenter, postulated, that 
verbal associations established in training could facili- 
tate subjects' performance on subsequent discrimination 
tasks. During the initial sessions, subjects in the 
experiment were trained to pair the names of males with 
specific shapes. Those subjects who discriminated shapes 
acrosssmodes. jaite,the,fastest.rate.(d.e the fastest 
learners) did, in fact, resort to the verbal associations 
they acquired during training (p. 109). 

Other mediational theories are founded on the 
evidence that younger children (pre-verbal) and animals 
(non-verbal) often fail problems requiring cross-modal 
transfer. Such studies have been cited by Gibson (1969) 
and Hermelin and O'Connor (1964, p. 229)... The most. often 
noted studies performed with monkeys have been those of 
the early 1960's. Ettlinger (1960) and Wilson (1963) 
reported weak and negative results in experiments which 
required monkeys to transfer cross-modally from a visual 
discrimination to a tactual one or tactual to a visual 
discrimination task. Hermelin and O'Connor (1964) inform 
us of some findings that would seem compatible: 


Wilson and Wilson found that monkeys with lesions in 
the parietopreoccipital area showed no facilitation 
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in visual learning tasks from prior tactual 

experience. On the other hand, O'Connor and 

Hermelin demonstrated that some cross-modal recog- 

nition between visual and verbal material ... 

occured in severely subnormal subjects [1964, p. 229]. 

Blank and Bridger, in another experiment (1964), 

aimed towards discovering the importance of verbal medi- 
ation, and ice uanaeaieda that there are in fact two kinds of 
cross-modal transfer (CMT). In one experiment the 
children Héldwobjéaes that were not equivalent, but 
characterized properties similar to those objects they 
perceived visually: stimuli were dissimilar but analogous. 
This problem Blank and Bridger termed cross-modal concept 
(CMC). In the other experiment they observed the children's 
ability to discriminate which of two objects they perceived 
visually, was identical, or "equivalent" to an object they 
perceived haptically (cross-modal equivalence or CME). | 
The former was assumed to require mediation because trans- 
fer was to an analogous but not equivalent stimulus. On 
the other hand, cross-modal equivalent problems were con- 
sidered to involve corresponding stimuli in another 
modality. Blank and Bridger hypothesized that CMC would 
be language dependent and CME would not. Although the 
results supported their predictions, it was found that 
verbalization alone is insufficient for CMC transfer: 
"Several children labelled the stimuli one and two and 
Still failed to solve the problems [1964, p. 287]." 
Language was, therefore, a necessary but not sufficient 


function of solving CMC problems. 
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To counter these findings, Gibson also pointed 
out that other studies have obtained dissimilar results. 
Studies conducted by O'Connor and Hermelin (1964, 1965, 
197 jeand-Furth, (19.64.1966 1967) on the.deaf have 
supported this attitude. In tests to discover the 
dependence of cross-modal transfer on words, O'Connor 
and Hermelin found no difference in groups with different 
verbal ability. "Thus words probably play no decisive 
part in this type of transfer between sensory systems 
[T9644 pp, 2331.4 

Having determined that language plays only a 
minor part in cross-sensory transfer tasks, we are led to 


consider another viewpoint to account for the phenomenon. 


B. The developmental and learning viewpoint. This 


viewpoint proposes that the ability to integrate stimuli 
across modalities is a function of learning (Gibson, 1969). 
Emphasis is given to the unity of the senses. This 
approach states that sensory modalities begin as distinct 
and specific abilities from birth. At this time CMT would 
not be possible, but during development these functions 
are integrated. To the extent that learning takes place 
in the presence of development we may consider CMT as a 
"perceptual development" that takes place through learn- 
ing. Discovering transformational features could be 


viewed as a result of learning experiences. 
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Gibson has discussed Piaget's developmental 

viewpoint: 
+ « « progressive development of exploratory handling 
with increasing search for significant features. The 
sensory-motor schema is a kind of referrent common to 
two modalities, making cross-modal transfer possible 
TGrbsoOn; “1969 9R py s2307. 
Gibson has remarked, appropriately, that this concept is 
a difficult one to test. 

Two experimenters, Gibson also noted, support a 
developmental viewpoint. Birch and Lefford (1963) pre- 
sented as evidence developmental curves for intermodal 
matching which indicated that correct matching increases 
With age. Her own analysis of the process introduced the 
notion of amodal invariants in stimulation. These amodal 
invariants Gibson defined as higher order properties of 
stimulus information which are not sensation specific. 
Intensity, extent and temporal and spatial patterns are 
examples (1969, pp. 220-221). These examples are not 
unlike those conditions, simultaneous and successive, that 
are considered to be modality-congruent by other investi- 
gators (Hirsh, Bilger & Deathridge, 1956; Birch & Belmont, 
1964- O'Connor & Hermelin, 1971). Gibson did not deny 
that features of stimuli can be modality-congruent, but she 
preferred to concentrate on modality features that are 
common to several different modalities. She termed this 


relational. Gibson's examples seem to indicate that she 


has redefined modality-congruency. 
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In the O'Connor and Hermelin study (1971), 
subjects deprived of experience in specific sensory modal- 
ities were unable to perform tasks that demanded their 
attention to stimuli in the non-functioning modality. 
Although visual-temporal choices were available, deaf 
subjects tended to ignore them because of their restriction 
to the visual modality and hence visual spatial coding. 
The deaf and blind subjects in this experiment consti- 
tuted good control groups to demonstrate the learning and 


experiential facet of cross-modal transfer. 


Process as a Function of Presentation: 
Are Stimuli Modality-Congruent? 

While there seems to be no hard and fast associ- 
ations between the nature of stimulus presentation and 
sensory modality, most of the research lends support to 
the view that spatially distributed stimuli are best 
apprehended through vision while temporally distributed 
stimuli are more eae perceived through audition. For 
those persons whose sensory receptors are intact, stimuli 
are perceived in either a spatial or temporal fashion. 

One of the earliest studies to suggest a rela- 
tionship between patterns generated over time and their 
dependence on auditory perception was performed by Hirsh, 
Bilger and Deathridge (1956). The duration of tone and 


light stimuli was considered within auditory and visual 


contexts respectively. 
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Subjects were presented with two stimuli: an 
auditory stimulus (a2 tone) and a visual stimulus (a light) 
against a background of auditory noise (90 db) in the 
first condition and against a background of quiet as the 
second condition. Afterwards, subjects were asked to 
report the durations of the stimuli. Responses of the 
subjects indicated that when the duration of a tone or 
Light was held constant during each condition, subjects' 
perception of their duration differed markedly relative to 
the level of background auditory stimulation. Hirsh, | 
Bilger and Deathridge concluded that "perceived time 
varies with the level of auditory stimulation [p. 562]." 
In a second part of the experiment, auditory and visual 
stimuli were presented against a background of visual 
ambient stimuli (brightness) and darkness. When the 
subjects were required to reproduce the duration of these 
stimuli, there appeared to be no difference in perception 
of durations when tone or light had been presented against 
a background of varying levels of brightness. 

The experimenters summarized these results 
conclusively in the following statement. 

~ swrwin thisestudys,onlyyacousticu.and inobayisual , 
ambient stimulation seems capable of eliciting marked 
changes in the rate at which the psychological clock 
operates [p. 572]. 

The results indicate that perceived duration of a 
tone or light is significantly dependent on the level oye 
auditory stimulation, but these stimuli are little affected 


by visual ambient stimulation. 
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Later, the notion that the extent of cross-modal 
transfer is subject to variations of conditions (simul- 
taneous and successive presentations) was advanced by 
Krauthamer (1959). In this experiment, subjects were 
presented with a series of patterns under two conditions. 
In the first, patterns were traced with a stylus of pin- 
pointed light (successively) and in the second, drawings 
of metal dies were presented (simultaneously). Transfer 
occurred across vision and touch modalities. Although 
Krauthamer's study did not describe the precise nature of 
the dependence of modality transfer on conditions of 
ereseenGien, the results of the study lean in the 
direction of a modality-congruent viewpoint, such that 
"the extent of transfer depended on conditions of the 
stimulus osmY BO Gate 

Developing this concept even further, Sire ana 
Belmont (1964) explored the relationship between a tem- 
porally structured set of auditory stimuli and a spatially 
distributed set of visual ones. Apart from the fact that 
they were trying to determine the correlation between 
reading retardation and success at cross-modal coding 
Casks3" birch and Belmont’ built into their experiment “a 
modality-congruent feature, i.e., a visual dot pattern was 
spatially distributed and corresponded to a rhythmic 
auditory pattern, temporally distributed. The assumption 


implicit in this presentation was that auditory-temporal 
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stimuli can be made equivalent to yisual-spatial stimuli. 
Because reasons for pairing of these modes and conditions 
were not provided by the experimenters, we can only assume 
that Birch and Belmont recognized their modality-congruent 
attributes. 

The hypothesis Birch and Belmont (1964) set out to 
test was supported by their findings. These findings 
indicated that retarded readers differ significantly from 
normal readers on the experimental tasks. The results 
suggested therefore, that retarded readers of normal intel- 
ligence are less proficient judges of auditory-visual 
equivalence. 

In another auditory-visual sequencing experiment, 
there was no pairing into auditory-temporal and visual- 
spatial arrangements as in the Birch study. Furth (1966) 
conducted an experiment in which visual material was pre- 
sented both simultaneously (spatially) and successively 
(temporally.) and auditory stimuli were successively 
(temporally) presented. Deaf and hearing subjects were 
compared in their performance on these tasks. Deaf sub- 
jects demonstrated greater success with simultaneous than 
with successive sequences. The hearing subjects did better 
than the deaf on successively presented material, regard- 
tess -ofathe modality. Furth attributed the difference 
between groups to experiential factors. The results of 


this later experiment (Furth, 1966) differed from an 
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earlier one in which fewer differences were found between 
successive and simultaneous sequence learning; "mean 
sequence errors between the aphasic and deaf group yielded 
to well below acceptable criteria of significance [Furth, 
1964a, p. 176].".. These negligible differences indicated 
to Furth that any difficulties were due to the combinative 
aspect of sequences. He suggested that, ". . . there may 
not be acakaach difference between these modes of presen- 
tation hp. +252bavajhusth 's interpretation is contrary “to 

a more recent experiment of O'Connor and Hermelin (1971) 
which will be discussed in the latter part of this 
section. 

Work being done in the Soviet Union by Luria (1966) 
appears, to. differ with«Rurth's interpretation ofthe 
relationship between auditory and visual sequences. Luria 
has developed the concept of visual, motor, tactile and 
acoustic analyzers that organize stimuli into simultaneous 
and succesSive groupings: 

It’ ts, well-known that sthe,tactile.and,also.to a,large 
extent the visual analyzer receives a successive 
series of stimuli but integrates this series into 
simultaneous groups. . . . However, the main form of 
operation of these (motoric and acoustic) analyzers 
is the conversion of this original scheme into an 


expanded serially organized successive group [1966, 
p. 125-126]. (emphasis added) 


While approaching a semblance of the O'Connor and 
Hermelin paradigm (to be discussed later) of modality- 
congruent attributes, Luria's explanation of the processes 


involved in perception diverges nonetheless. He proposed 
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that stimuli presented successively through the visual 
channel will be reorganized into simultaneous groups in 
processing and coding and that the converse will be true 
for’ the “auditory mode. This*suggests that the nature’ of 
the stimulus input will be altered into the modality- 
congruent condition when it is received by an analyzer. 
O'Connor and Hermelin later semanserare that stimuli 
presented in a successive or temporal condition will be 
ignored if the modality of input is visual. 

Roman Jakobson (1967) whose interest in the 
sequential character of speech has led him to investigate 
the relation between visual and auditory signs, concurred 
with Krauthamer (1959) and Birch and Belmont's (1964) 
viewpoint concerning modal attributes. Jakobson has told 
us that, "In visual signs it is the spatial dimension 
which takes priority, whereas the temporal dimension takes 
priority in auditory signs. Auditory signs act in a time 
sequence [p. 3]." 

An experiment giving support to Jakobson's notion 
that the temporal dimension assumes Prioruty an) audi tony 
signs was performed by Harris Savin (1967). Subjects were 
presented with simultaneous auditory stimuli (a different 
message to each ear occurring at the same time). Rather 
than combining the perceptions of each ear, subjects 
reported messages heard by each ear successively. These 


results demonstrated that subjects could not group 
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Simultaneously presented messages simultaneously when the 
input was auditory. Similarly, Luria submitted that 
Simultaneous information will be converted to a successive 
condition by means of an "analyzer." Savin suggested that 
_ auditory stimuli can only be perceived successively. 

Tulving and Lindsay brought into question the 
sequential processing hypothesis that has been invoked to 
explain the ability of subjects to respond to simulta- 
neously presented auditory stimuli. They attempted to 
demonstrate the non-existence of a "temporary pre-perceptual 
store" in which information from one channel is said to be 
held in store prior to processing. This pre-perceptual 
store, as poStulated by Broadbent allows attention to be 
directed to another channel. 

By estimating the shortest period of time in which 
information can be, processed but controlling the duration 
to obviate attention switching, Tulving and Lindsay 
attempted to demonstrate that stimuli would be identified 
as accurately as would be the case for a longer duration 
of, input. 

Tf, as expected, inputs from two different modal- 
ities could be processed as accurately when presented for 
a short duration as when presented for a longer one, the 
results would support the notion that stimuli were not 
successively attended to, but that some other process was 


responsible for the ability of subjects to identify both 
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stimuli. They suggested that duration would be the 
critical variable in a test of the sequential hypothesis. 

Stimuli were of two varieties: (1) visual stimuli 
consisted of. circular patchessof, white light andy (2) Jaudi-~ 
tory stimuli were pure tones. Stimuli were varied along 
the dimensions of intensity and duration. Four different 
tasks were presented; two of which presented two stimuli 
simultaneously from both modalities, and subjects were 
required to make judgements and attend to both. The 
amount of transmitted information per modality was the — 
main response variable. 

Results failed to find a significant interaction 
between duration and intensity, indicating relatively no 
difference between response accuracy in the short and long 
duration conditions. The tenability of the sequential 
processing hypothesis was doubtful. 

Tulving and Lindsay concluded that explanations for 
the data appeared to be more compatible with some wiews of 
the attention. mechanism than with the sequential hypothesis. 
These findings should be considered with respect to the 
experiment by Savin, just described, in that the conclusions 
of Tulving and Lindsay imply that simultaneous processing 
of auditory input may indeed be possible given the appro- 
priate circumstances. 

Bennet Murdock (1969) set out to demonstrate that 


studies indicating the superiority of short term memory 
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when stimuli are presented in an auditory mode were not 
entirely valid as evidenced by the fact that the auditory 
mode is simply more compatible with temporal distributions 
(p. 378). Murdock experimentally attempted to provide 
both a Spatial and a temporal distribution which could be 
used in either an auditory or visual presentation. To 
accomplish this he constructed an apparatus in which eight 
loudspeakers were arranged in a clockwise display and had 
eight slide projectors focused on them. "Each item thus 
had a unique temporal and spatial position [p. 379]." 
Words were sequentially projected on the eight speakers 
and subjects were required to find the spatial position 
of temporally presented stimuli. The results of Murdock's 
experiment did not support his hypothesis; i.e., he 
determined that temporal associations are not required in 
STM experiments. Correct responses could be determined by 
spatial position although he found fewer errors for the 
auditory than the visual presentation. Murdock's attempts 
to effect a separation between auditory-temporal and 
visual-spatial distributions precede an even more impres- 
sive design carried out by O'Connor and Hermelin (1971) 
attempting to demonstrate modality associations. 

Along these lines, O'Connor and Hermelin (1971) 
have summarized a good deal of research concerned with the 
view that visual and auditory input are related to temporal 


and spatial perception. Their own experiments have 
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explored this concept further and demonstrated that among 
persons whose sensory experiences are limited to one 
distal receptor, stimuli will be organized according to 
the remaining modality of input. Their results indicated 
that in ambiguous situations, stimuli will be organized 
Spatially or temporally depending on the nature of the 
input. (auditory or visual); i.e., hearing and seeing 
children would respond in a like manner to their deaf and 
blind peers. One group of blind, one group of deaf and 
four groups of normal children, two of which were arti- 
ficrallywrestriacted wasuaidy or auditorally, took Dar itasin 
the experiment. Subjects seeing (or hearing) a visual 
(or auditory) display of digits presented spatially and 
temporally, were instructed to choose the "middle" one. 
Spatial choices always coincided with temporal choices, so 
that the subject was forced to choose between them. 
Results consistently showed that in those cases where 
information was presented visually, subjects always chose 
the spatial unit and accordingly, when the stimulus was 
auditory, subjects made a temporal choice. For example, 
if the digits 8, 5 and 3 were successively displayed, 
5 might, be exposed first; then 3 and then @. ‘The See | 
middle would be 3; the spatial middle would be 5. Deaf 
subjects would have chosen the spatial middle, 5. 

The investigations conducted by O'Connor and 


Hermelin and their predecessors offer provocative evidence 
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concerning the modality-congruent operations of the deaf. 
If the deaf are restricted to one modality of input, 
specifically the visual, and therefore primarily process 
only spatially presented information, then suggestions can 
be made that perhaps (a) current attempts in the field of 
deaf education to teach the congenitally deaf to process 


auditory temporal stimuli when they are unable to perceive 


such a sequential arrangement are doomed to be unsuccessful; 


and (b) those who are successful in their speech training 
sessions have somehow managed to rely on attendant spatial 
cues to process for meaning. 

The instructional simplitcations are obvious. Tf 
temporal stimuli are being presented to the deaf, but only 
spatial coding is being processed, then instructional 
modification should involve an emphasis cn the visual- 


spatial distribution of materials. 


General Summary 


The results of a study Pee the mediation hypo- 
thesis (Gibson, 1969) suggest that language appears to be 
a necessary but not sufficient mediator in cross-modal 
transfer tasks. O'Connor and Hermelin (1964, 1965, 1971) 
and Furth (1964, 1966, 1967) determined that language was 
not at all necessary for the performance of cross-—modal 
transfer. A few investigators (O'Connor & Hermelin, 1964, 


i965 197L; Furth, 12964, 1966, 1967) have ascertained that 
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the ability to integrate stimuli across modalities seems 
to be a function of learning and experience. 

Most of the studies to date (O'Connor & Hermelin, 
297 Ly Mirdock, 60.) SSavine2 £9167 > Sadkobseon pale n; 
Krauthemer, 19593; ‘Hirsh et al., 1956; Birch & Belmont, 
1964) have concluded: (a) that stimuli tend to be modality- 
congruent, that is, simultaneous spatially distributed 
stimuli are best perceived through the visual modality, 
and successive Spatially distributed stimuli are more 
easily apprehended through the auditory modality; and 
(b) that auditory-temporal stimuli could be aaag equiv- 
alent to visual-spatial stimuli. 

Studies such as Furth's (1966), conducted with 
deaf subjects, presented visual-simultaneous, visual- 
successive, and auditory-successive stimuli and found that 
deat subjects performed better on visual-simultaneous Chan 
on visual-successive and auditory-successive stimod3.. 
These results were perhaps due to the modality-congruent 
attributes of the stimuli as well as the experiential 
factors. Lurva “@l966) proposed that all visual stimul1 
would be organized into simultaneous groups during pro- 
cessing, regardless of the condition of input (simultaneous 
or successive); the opposite would be true for the 
auditory modality. 

These studies all seem to imply that modality- 


congruent attributes of stimuli are indeed important. 
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The implication would suggest that differences between 

deaf and hearing groups would be especially evident in 
responses which required transfer involving stimuli that 
are or are not modality-specific. From the earlier 
discussion of experience, it seems that persons lacking 

in experience with a particular modality would do more 
poorly on tasks requiring cross-modal transfer than those 
who have acquired experience. Noting these two possi- 
bilities, we might generate a third: due to modality- 
congruent attributes, persons who lack experience with a 
modality will also lack experience with a condition. Thus, 
tdaar Cid divem lacking experience with the auditory modality 
will necessarily be deficient in making decisions of 
equivalence with regard to transfer to or from successive 


Steimils. 
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CHAPTER IIf 
DEFINITIONS AND HYPOTHESES 


DefinistLons 


General Terms 


Stimulus. In A Glossary of Behavioral Termi- 

nology, White (1971) defines "Stimulus" as follows. 
ALIAOUCCES =. 8. ANG events | «in Gur: envi- 
ronment are considered to be stimuli due to the 
‘fact that we are aware of them only inasmuch as 
they "stimulate" our senses (i.e. we must hear, 
see, touch or smell them before we know them to 
exist). Generally speaking we refer to an object 
or event as a stimulus if it occurs prior to or 
simultaneously with the response. [p. 165]. 

Thus the operational definition of "Stimulus" in this 


thesis is "inputs from different sensory channels." 


Transfer. White (1971) defines this term with 
the following statement. "Where the cues or relevant 
stimulus dimensions .. . for problem solution in one 


instance remain constant in another instance [p. 184]." 


Cross-modal transfer. ". . . involves the 
tPanster®orJa- principle’. .". 2 “Essentially a, discrim-— 
imination based on a dimension or cue in one sensory 


modality is transferred to a different sensory modality 
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using the same dimension or cue but in relation to 
a different discriminada [O'Connor & Hermelin, undated, 


nie 2] a 


Intra-modal transfer. A discrimination based 
on a dimension or cue in modality is transferred to the 


same modality using the same dimension or cue. 


Inspection stimulus. A stimulus having charac- 
teristic dimensions which the subject is required to 
retain and use as a basis for making decisions of 


equivalence in the same or different modalities. 


Response choices. Multiple choice stimuli 
exposed, following the inspection stimulus, from which 
the subject must make decisions regarding equivalence; 
these may be presented in same or different Rene 


than the inspection stimulus. 


Simultaneous processing. Information presented 
to the subject is organized into a spatial array by an 
unidentified cerebral mechanism at points of neural 


integration. 


Successive processing. Information presented 
to the subject is sequentially organized by some 
unidentified cerebral mechanism at points of neural 


integration. 
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Sensory integration. The unidentified process 
of synthesis which makes a transfer across sensory modes 


possible. Assumes equivalence between modes. 


Modality congruence. A term describing the 
relationship of modalities to stimulus distributions. 
A current viewpoint suggests that the visual modality is 
specialized for spatial distributions of stimuli and 
the auditory and tactile modalities are congruent with 


temporal distributions of stimuli. 
Independent Variables. 


SimultaneousyconditionameStimulieares presented 
concurrently ina spatial array. Parallel stimuli are 


Simultaneously surveyable (coding dimension of space). 


Successive condition. Stimuli are presented in 
discrete temporal units. Sequential stimuli are part of 
a serial order and can only be inspected for the duration 


of the exposure of each unit. 


Sensory modalities. Touch, Vision, AUuGgLeLOn, 
taste and smell. Only the first three-will be dealt 


Withed ne thas thesis. 


Visual-simultaneous. A pattern of stimuli 
presented in a spatial array (concurrently in time), 


to be perceived by the visual receptors. 
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Visual-successive. A pattern of stimuli 
presented in a temporal arrangement (discretely in time), 


to be perceived by the visual receptors. 


Tactual-simultaneous. A pattern of 
stimuli presented in a spatial array (concurrently 


in time), to be perceived by the tactual receptors. 


Tactual-successive. A pattern of stimuli 
presented in a temporal arrangement (discretely in 


time) to be perceived by the tactual receptors. 


Auditory-successive. A pattern of stimuli 
presented in a temporal arrangement (discretely in 


time), to be perceived by the auditory receptors. 
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Hypotheses 


Rationale 1. There are, in the literature, some 
significant studies which propose that success on tasks 
requiring the processing of simultaneous and successive 
stimuli is probably related to the frequency with which 
individuals are exposed to these sorts of sensory infor- 
mation. 

The basis for this notion derives from results 
indicating that the deaf, a population of subjects that 
are restricted in one modality of input, tend to perform 
less well than their hearing counterparts on tasks 
involving sequential presentations of stimuli. Furth 
(1966) suggests the possibility that linguistic practice 
provides the experience which would explain the superiority 
of hearing subjects on such tasks. In Furth's 1966 study 
comparing aphasic, deaf and hearing subjects on visual- 
simultaneous, visual-successive and auditory-successive 
tasks, he found that the younger deaf subjects performed 
more poorly than the normal control group on the successive 
sequence tasks but that these same children performed as 
well on the simultaneous presentation of sequences. He 
noted thaty°"in*this study; Ycontrary tothe former*one, 
simultaneous presentation was generally somewhat easier 
than successive presentation [p. 449]." This study also 
revealed that older subjects (10- and ll-year olds) 


performed as adequately as their hearing peers on the 
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successive tasks. Intensive training in linguistic skills 
was believed to account for the improvement of the older 
subjects and the evidence that the younger hearing child- 
‘ren ". . . found auditory sequence easier than visual 
sequence tien <ihow 440)i4bintherlessonsofrthesstiudy is 
perhaps most clearly revealed in the following statement: 
",.. . the poorer performance on sequential tasks can be 
attributed to early deafness or linguistic deficiency in 
general sesminips 4427h.¢ 

Hermelin and O'Connor (1964) furnish similar proof 
regarding the experiential factor in the processing of 
information. They discuss the necessity for more frequent 
tactile presentations in order to form stable images of 
the stimuli which would thus facilitate transfer from 
that modality to another. 

We are again reminded of the experiential factor 
concerning the processing of information when we refer to 
Paivio's (1971) ’observation that the verbal) system is 
specialized for the processing of temporal stimuli while 
visual perception is specialized for parallel processing 


of spatial stimuli. 


Hypothesis 1. The evidence provided by Furth, 
Hermelin and O'Connor and Paivio suggest that the majority 


of the pre-lingually deafened population, who by their 


sensory deficit are less frequently exposed to the temporal 


stimuli provided by the verbal system, will do less well 
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on tasks requiring the processing of temporally distrib- 
uted stimuli than hearing control subjects. One might 
expect that they would produce more correct responses 

on tasks requiring transfers from and to visual-successive 
stimuli than those requiring transfers from and to tactual- 
successive and auditory-successive stimuli since the 

visual modality is a more familiar one. 

1.1. Hearing subjects will produce more total 
correct responses than deaf subjects on all successive 
tasks. 

1.2. Deaf subjects will produce more total correct 
responses on transfers to successive response choices in 
the visual mode than in the tactual and auditory modalities. 

1.3. The data should indicate a learning trend 
forpdeat.yaubpects tonraliMetrarster tasks ue costhe subjects 
ability to improve on these tasks as a result of experience 


with the task. 


Rationale 2. The viewpoint which states that 
spatial and temporal distribution of stimuli tend to be 
specialized for, or more easily apprehended through certain 
sensory modalities, suggests that the relationship between 
sensory modalities and distributions is worth examination. 
Lieitcy iuseassumed that O'Connor and Heenodih (1971) are 
correct when they say that subjects "switch in" to the 
coding distribution congruent with a particular modality 


of presentation (e.g., visual-spatial/simultaneous), then 
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we might also suspect that subjects will have more diffi- 
culty transferring to another distribution of stimuli that 
is not congruent with that modality (e.g., visual- 
temporal/successive) especially when that dimension is 
one in which they lack experience (e.g., deaf lack 
experience in successive processing). We might also 
expect that since the visual modality is the primary 
modality of input for the deaf (see Rationale for Hypo- 
thesis 1.) that the preferred mode and distribution for 
processing are the visual and spatial/simultaneous ones, 
or that they ". . . would dominate sensory organization 
in@abprecipientsi[Hermelint m10):Connon, 1971 ,~pse6édi." 

We could anticipate that deaf subjects would perform best 
on the transfer which involves their preferred modality 


coupled with the stimulus distribution specific to it. 


Hypothesis 2. Both deaf and hearing subjects will 
produce more total correct responses on tasks involving 
transfers to and from modality-congruent stimulus distrib- 
utions than modality-incongruent stimulus distributions; 
subjects who have experience with a condition of a 
modality-incongruent stimulus distribution will produce 
more correct responses than subjects lacking such 
experience. 

2.1. Both deaf and hearing subjects will produce 
more total correct responses on transfers from visual- 


simultaneous to visual-simultaneous than from 


fetit tieitide to, 0 
#ouL seb ii h astetcagelliatin ¥ 

oefs scdpim 3h «(painessorg sv ; 
Yismixg oft ef yoitebom feveiy pai ysitsdes apais : 

-oyyh 4a oledoitéa eae) tsab oft 108 tuqai Jo ytiLebom 1 ae 
1¢% aolsudizs2:b bis ohom beazstesq si#asene iG tieieeds ~ 
,39n9 abosasiivwia\ Lesage ‘bas Isheiv od3 us. patasesene | 
noitgeslaspro yieense sibrimob Bilnoew ot yen jeq3 a0 
".f@ .q , IVEY yacaneS'O @ ei femmes) tasiqtseiqucnt : 

tesd miolizag bluow atvettvea dssb tafe staqiziins biveo ew | 


ysilston beaxeteig thet aovioval dobdw cetensee eit 20 : 
Ji of oitivege acidudkiveih eulumise ene Atiw beiquesd 7 
—_ 
‘ j g a : é > a8 ; 
ifiw agostdce poipzsas bis Rash jos .Sy | 
Gaal. Shame - 


cotviavnil etess ao rain etal soer1oo esos oxom sontoug : 

-distarh ettlamite, jnsimuitos-yailsiim mort ict a 
(sioigudizseib, eviunide Jnouxpnoesi-ysPLebom ae cht ano kstes 

& to neisibnos § ditw sonelieaxe oved ow ejoatdun 
suubotg tiiw dotsudiateib exiumite Jnsurprosni-ytiisbom 
foua pritost expefdue nett asenogeet J9em200 -sr0m 
»eonetreqxs 
souboag Itiw esoat die paiissd ban Beeb stom <hv& 4» © o> 
~Tatety. 2053 exaishesd.Ao eeedogeey Joox100 [8303 sx0m: 
nord auth, evceago Lumbar isueiv od auoanssiumisy 


visual-simultaneous to visual-successive distributions. 

2.2. Both deaf and hearing subjects will produce 
more total correct responses on transfers from visual- 
simultaneous to tactual-successive than from visual- 
simultaneous to tactual-simultaneous distributions. 

-243eecBoth deafyand) hearingesubjects qwilluproduce 
more total correct responses on transfers from tactual- 
successive to tactual-successive than from tactual- 
successive to tactual-simultaneous distributions. 

2.4. Both deaf and hearing subjects will produce 
more total correct responses on transfers from tactual- 
successive to visual-simultaneous than from tactual- 
successive to visual-successive distributions. 

2.5. Both deaf and hearing subjects will produce 
more total correct responses on transfers from tactual- 
successive to auditory-successive than from tactual- 
successive to tactual-simultaneous distributions. 

2.6. Both deaf and hearing subjects will produce 
more total correct responses on transfers from visual- 
successive to Visual-simultaneous than from visual- 
successive to tactual-simultaneous distributions. 

2.7. Hearing subjects will produce more total 
correct responses than deaf subjects on transfers from 
visual-simultaneous to auditory-successive distributions. 

2.8. Hearing subjects will produce more total 


correct responses than deaf subjects on transfers from 


visual-simultaneous to tactual-successive distributions. 
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2.9. Hearing subjects will produce more total 
correct responses than deaf subjects on transfers from 
tactual-successive to visual-successive distributions. 

2.10. Hearing subjects will produce more total 
correct responses than deaf subjects on transfers from 
tactual-successive to auditory-successive distributions. 

2.11. Hearing subjects will produce more total 
correct responses than deaf subjects on transfers from 
visual-successive to visual-successive distributions. 

2.12. Hearing subjects will produce more total 
correct responses than deaf subjects on transfers from 
visual-successive to auditory-successive distributions. 

2.13. Hearing subjects will produce more total 
correct responses. than deaf subjects on transfers Fron 


visual-successive to tactual-successive distributions. 


Rationale 3. It seems to be the case that animals, 
young hearing subjects, young deaf subjects and retarded 
readers all have greater difficulty than normal children 
in integrating stimuli from two or three different 
modalities; that is, cross-modal transfer (cf. review of 
the literature). This study attempts to determine where 
the difficulties lie; from and to which modalities are the 
difficulties most predominant for the deaf? On the basis 
of the experiential hypothesis referred to in the earlier 
rationale, requiring subjects to transfer from one modality 


to another, the hypothesis below is proposed. 


are npc as 
wont eretenee | = nn 


Ade tiodimerb’ sv Leegsote-yro: | | 
isdot stom sosboxdg ates ‘sebisare ia aiouall 
Moxt. arehenyxs no etoopdve iene en sonaoaeen s3eete 


eto Laiadhttesh eviaesoove-Isneiv of sviessooussteuety 
lesed o10m soubotq ILiw/etoerdne prises 8 One 


a 


_ 

mz). exrhtvasss no aiucians axee nang assnogzet tosrz0D oo 7 
anoisudiiteip svi sesootve-yias Hbes6 oF av begevovs~fsueiv : J 
isgod axom sdubottg! PW atugt dee polireen veicg> wrt ~ a 
nist etetenertma, atispdue 2aob (i8d3 e@eknogeSsa JoeT10S : 
rol todindeih. ayispoooues fiotos? of epiaesvowe-~Leneky. a 
ee. 

2isviis Jens ocso sot ed. Pa ano & 37 f sisnehtt owt : a 
hettese2 bas .asvotdiwe, isob pduioy vetostdire paired ome + 
7 


asaBtirls fanaa tert ATID 3B tetsorp sven iis aber; i" 
en 2oe ti oer! 16) Ow? mo Lomas yubseupedat al 
to weivew .to) tot eaeat {sbon~as0%3 . Bi dada saan 

> ail enimesseb 63 adqnasity vite etity . (omseves tt aan : 
rit ons eats tisbon Ho bf Od See Mout 194% soko iupd3? 4 odd: 
m7 ert Ag s388b- sit 40% sqentnoborg room #oistuez33b 
io ug a wi og ices srabacie ne om a 
ase aeigniea, 0% exdepdue pais t edanoises 
| -Rowogniy FE Wood eieedseqyd ont yxedtone of 


= 


s 


-y 


56 


Hypothesis 3. On tasks requiring subjects to 
perceive stimuli in one modality and to recognize the 
equivalent stimuli in a different modality, hearing sub- 
jects will produce more correct responses than deaf 
subjects. 

3.1. Hearing subjects will produce more correct 
responses than deaf subjects on transfers from visual- 
simultaneous to auditory-successive distributions. 

SeLs Hearing subjects will produce more correct 
responses than deaf subjects on transfers from visual- 
simultaneous to tactual-simultaneous distributions. 

3.3. Hearing subjects will produce more correct 
responses than deaf subjects on transfers from visual- 
simultaneous to tactual-successive distributions. 

3.4. Hearing subjects will produce more correct 
responses than deaf subjects on transfers from visual- 
successive to auditory-succesSive distributions. 

3.5. Hearing subjects will produce more correct 
responses than deaf subjects on transfers from visual- 
successive to tactual-simultaneous distributions. 

3.6. Hearing subjects will produce more correct 
responses than deaf subjects on transfers from visual- 
successive to tactual-successive distributions. 

3.7. Hearing subjects will produce more correct 
responses than deaf subjects on transfers from tactual- 


successive to visual-simultaneous distributions. 
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3.8. Hearing subjects will produce more correct 
responses than deaf subjects on transfers from tactual- 
successive to visual-successive distributions. 

3.9. Hearing subjects will produce more correct 
responses than deaf subjects on transfers from tactual- 


successive to auditory-successive distributions. 
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CHAPTER IV 
METHOD 


Sample 

The sample consisted of 72 children from three 
different schools in the Edmonton area. Deaf and hearing 
children comprised the two populations of comparison. 
Ages of children ranged between eight and eighteen years; 
a relatively broad age range resulted due to the limita- 
tions presented by the availability of deaf subjects for 
testing and ability of these subjects to comprehend 
instructions. 

Thirty-six deaf subjects were drawn from the 
Alberta School for the Deaf. Students were chosen on the 
basis of a severe to profound degree of hearing loss 
(60 db. loss +) and onset of deafness (pre-lingually 
and/or congenitally deafened). An additional criterion 
of selection was the ability to retain at least three 
units of information presented visually. Retention was 
determined by responses to a modified version of the 
Hiskey-Nebraska Memory Test for Colors for younger subjects; 
a modified version of the Hiskey-Nebraska Test for Numbers 
was used for older subjects. Based on results obtained with 


this screening device, subjects below the age of eight were 
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not included in the sample. Subjects selected for testing 
were then randomly assigned to one of three groups and 
tested in a random order determined by their availability 
to researchers. Subjects included both residential and 
day students and represented all socioeconomic levels. 

The testing of all deaf subjects was conducted at the 
Alberta School for the Deaf. 

Thirty-six hearing subjects were randomly selected 
from two Edmonton public schools chosen on the basis of 
their proximity to the University where the testing took 
place. The only criteria determining the participation 
of these subjects were age and the consideration that they 
were of normal abilities. As nearly as possible, hearing 
subjects were matched in age to the deaf subjects. 

Deaf subjects were randomly assigned to one of 
three different groups described by the nature of the 
stimulus presentation. Hearing subjects were assigned to 
the same groups as their age-mate counterparts. 

Deaf children ranged in age from 8 years, 6 months, 
to 18 years, 9 months. Mean age for the deaf subjects was 
12 years, 5 months. Hearing children ranged in age from 
Sevears) tO.-l8eyearsi el month. “Mean tage “for this ‘group 
was 13 years, 5 months (see Table 1). 

Following testing, the results of six subjects were 
discarded because three deaf subjects were administered 
tactual-successive response choices in lieu of auditory- 


successive choices when it was determined that they were 
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TABLE 1 


SUBJECTS DESCRIBED BY SEX 


AND CHRONOLOGICAL AGE 
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unable to hear the buzzes. The results of their yoked 
controls were deleted from the sample as well. This left 


a remainder of 66 subjects in the final analysis. 


Design 

The design of this investigation is presented in 
Figure 3, showing a breakdown of groups and conditions. 
As can be seen in the Figure, two groups of subjects 
varying in degree of hearing loss--none or profound--were 
employed. Also, three conditions of stimulus presentation 
were used: visual-simultaneous, viSual-successive, and 
tactual-successive. The response choice modality was 
varied as a within-subject variable consisting of five 
Yevels: visual-simultaneous; visual-successive, auditory- 
successive, tactual-successive and tactual-simultaneous. 
Specific hypotheses were tested by comparing cells across 
groups or conditions within a group or condition, as 


determined by the predicted effects of the hypotheses. 


Apparatus 
Eight different apparatus components were involved 
in carrying out the entire experiment, but only six were 
displayed to any subject. The components were arranged in 
a square configuration such that the subject was seated 
in the center (see Figure 4). 
Inspection stimuli in the visual modes were 


situated directly in front of the subject on a table 
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Fig. 4.--Schematic view of apparatus. 
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29 1/2 inches high. Since a response choice apparatus 

was also on this table, inspection stimuli were always 
elevated to a position above the choice stimulus (12 inches 
above the table). 

(1) Visual-simultaneous inspection stimulus 
apparatus consisted of a black felt board 9 by 22 inches. 
White felt dots, 3 inches in diameter, were positioned on 
the felt board in a horizontal arrangement. These dots 
were easily manipulated by the experimenter so that presen- 
tations could be varied throughout the course of testing 
(See -Figure 5). 

(2) For those subjects who were exposed to a visual- 
successive inspection stimulus, the felt board was removed 
from the table and replaced by a light bulb apparatus. 

This 40-watt blue bulb, fitted into a fixture with wiring 
threaded through a 31/2-by l1l-inch wooden board, was 
controlled remotely by the enn ee was seated behind 
the subject (control box 8 by 5 inches). Flashes of light 
were varied according to the frequency and duration of the 
switch-pressing. All of the light bulbs used in the 
experiment were blue in color so that the subjects would 
have no difficulty distinguishing the stimuli from the white 
light in the room. Forty watts seemed to be a comfortable 
magnitude at which to perceive the stimuli, based on pilot 


testing. 
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Fig. 5.--Stimulus distribution used in presentations. 


65 


ee ae o> \- Ve 

' j _ a fi ‘ | 7 
al ue | 

aia putin Dodi 


a fang p 


p wt See _ 


. 
ET sar puke, | 

- = : . “.ens 

| MnoldeInoeerg ni bees qoijodizseth ew lomes@-~.2, pk, 


7 a : _ a. 


66 


(3) When subjects were to be presented with a 
tactual-successive inspection stimulus, the table was 
cléaredvof ‘all other™inspection stimuli. The’ subject was 
then tapped on the back by the assistant who was seated 
behind him, with a 12-inch plastic hammer (see Figure 5c). 

The five different Response Choices exposed to all 
subjects were displayed around the subject within the 
square configuration described in Figure 4. 

(1) The visual-successive response choice component 
rested on the table described earlier. This apparatus 
consisted of three 40-watt bulbs each encased in fixtures 
which fitted into a 3 1/2- by 24-inch wooden base. Each 
bulb was labelled with an appropriate number: 1, 2 or 3 
Gor om*the left, TOeGL ri “Ehe? cen ter’ ,- "3" ton “the- “agi 
Wires 11 feet long stemming from each bulb were threaded 
through the base, meeting behind the subject at a control 
box having three corresponding switches. This allowed the 
assistant to control the frequency and duration of the 
lights remotely. 

(2) The visual-simultaneous response choice 
apparatus was set on the wall to the left of the subject. 
This consisted of a large piece of cardboard 31 inches 
high, 22 inches in diameter, upon which were stapled three 
precesuor black te lt. *strmuli*consisted “Or *witte felt dots 
indentical to those used for the inspection stimulus. 


Response choices were labelled 1, 2 and 3 ("1" at the top, 
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ha. insthe center, "“3"VJat the bottom). <A divided curtain 
suspended from a portable frame was 5 1/2 feet high and set 
255eet sin front, of the stimulus board. This allowed the 
experimenter to stand behind the curtain and change the 
order of stimuli throughout the testing. At prescribed 
times, the experimenter opened the curtain to expose the 
choice stimuli to the subject (see Figure 5). 

(3) A third response choice component for 
auditory-successive choices consisted of a Beltone Model 
10-D audiometer controlled by the assistant. The subject 
was fitted with earphones and fed buzzes of varying fre- 
quencies and durations at a decibel level that was 
comfortable and audible to whichever ear was superior. 
First, second and third response aire ae were distinguised 
by numbers held up before the subject, by the experimenter, 
prior to each presentation. 

(4) Tactual-successive response choices were pro- 
vided in the following manner. The subject was tapped on 
the back by the assistant who was seated behind him, with 
a 12-inch plastic hammer. They were distinguished from 
the inspection stimulus by numbers (1, 2 and 3) which were 
held up before the subject by the experimenter, prior to 
each presentation. Positioning of each presentation on 
the subject's back varied so that no confounding effects 
(such as pressure on one point of the body) would inter- 


fere with responses - 
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(5) The final component for tactual-simultaneous 
response choices consisted of a wooden frame 25 inches by 
27 inches by 14 inches. The frame was elevated in its 
position facing the subject, declining in a diagonal 
towards its end. At both its top and front, the frame was 
covered by opaque curtains. This allowed the subject to 
extend both hands through the front curtain’ into the 
apparatus and move his hands from one response choice to 
another without seeing any of them. The top end of the 
apparatus was covered by another opaque curtain which was 
easily lifted to allow the experimenter to put head and 
hands beneath the curtain and periodically change the 
order of the response choices. Each choice was numbered 
on-the curtain “above it ("1" "nearest “to subject, "2™ “in 


the center, "3" at the far end). 


Description of Stimulus Materials 

The experiment consisted of nine different kinds of 
inspection stimuli including all presentations for all 
groups; three different kinds for each subject. .Inspection 
and response choice stimuli varied according to (a) modality 
of input (visual, auditory or tactual), (b) condition 
(simultaneous or successive) and (c) pattern (frequency or 
spatial distribution) of exposures. 

Basically there were three possible patterns 


represented visually and spatially here: 
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(1) The felt dots used in the Pansies inal tameous 
presentation were 3 inches in diameter and distributed 
5 inches apart in a configuration’ such as (1) above. In 
the second pattern the first two dots were 1 inch apart 
with 9 inches between the second and third dot. The 
third pattern had 9 inches between the first and second 
dots and 1 inch between the second and third. These 
measurements were the same for both EGinl -aneoteeian postion 
and response choice stimuli. The visual-simultaneous 
inspection stimulus was exposed for 7 seconds. Response 
choice exposures remained displayed Sever aia subject 
indicated that he had made his choice. 

(2) The visual-successive inspection and response 
choice stimuli, which consisted of 40-watt blue light 
bulbs (8 inches between bulbs in response choice), displayed 
a pattern by means of a temporal distribution of flashes. 
The assistant counted out a succession of numbers by 
thousands. Pattern (1) above was counted in the following 
manner: the experimenter silently counted "One thousand one, 
one thousand two, one thousand three, one thousand four, 
one thousand five, one thousand six, one thousand seven." 
It took approximately one second to count each number, 


and lights were flashed at the counts of 1,001; 1,004 and 
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1,007. Therefore, pattern (1) was exposed for 7 seconds. 
Pattern (2) could be represented by the experimenter's 
counting between 1,001 and 1,006; flashing the light at 
Enescounts orl, 00les 1, 00enanckt,006. Pattern (2) thus 
took 6 seconds to expose. For pattern (3) lights were 
Ptashea at the’ counts cof 1,001; 1,004 and I700¢> as the 
experimenter counted between 1,001 and 1,006. Both 
inspection Stimulus and response choice stimuli of a 
visual-successive nature were exposed in this manner. 
(3), (4) Similarly, tactual-successive 
(inspection stimuli and response choices) and auditory- 
successive (inspection stimuli and response choices) were 
presented to the subject. For deaf subjects, the decibel 
level was always above the speech threshold; for hearing 
subjects 25 db. was standard. 
(5) The tactual-simultaneous patterns were 

spatially distributed in the following manner: 

(a) Pattern (1) 

(b) Pattern (2) 

(c) Pattern. (3) 
Wooden knobs were 2 inches in diameter and distributed on 
three masonite boards, 7 inches by 25 inches, each of which 
fit into the base of the apparatus. The choices were 
efficiently varied by simply lifting the boards by their 
knobs and placing them in their appropriate slot. Distrib 


utions were all determined in pilot testing. 
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Description of Task 


The experimental treatments. Essentially, the 


testing consisted of three different tasks ([a] visual- 
simultaneous, [b] visual-successive and [c] tactual- 
Successive) involving three different groups of subjects. 
All tasks involved transfer from an inspection stimulus 

of a particular mode and condition to five different 
response choices. Each response choice was repeated six 
times bringing the total number of trials for each subject 
tor30.coTransfer’ occurred both intra-modally and-cross-= 
modally, depending on the nature of the inspection stimulus 
and the response choice. In all cases, the order of the 
response choices was Pendeniy alternated to control for 


order effect. 


Task (a). Subjects receiving this task were shown 
a visual-simultaneous inspection and required transfer to 
visual-simultaneous, visual~-successive, tactual-simultaneous, 
tactual-successive and auditory-successive response choices. 
The only memory load was in the order of the three items of 
the inspection stimulus. Subjects were required to retain 
the stimulus arrangement and match this to the three response 
choices until a decision of match was derived. Following 
all three response choices, subjects indicated to the 
experimenter the response that matched the inspection 


stimulus, by responding "One," "Twa," or "Three." The three 
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possible arrangements for inspection stimuli were 
randomized so that not more than three of the same 
occurred in succession. The subjects were expected to 


respond ytor 30° trialsvol this task. 


Task (b). All subjects involved in this task 
received a visual-successive inspection stimulus and were 
required to transfer to visual-simultaneous, visual- 
successive, tactual-simultaneous, tactual-successive and 
auditory-successive response choices. Subjects were re- 
quired to retain the stimulus arrangement and match this 
to the three response choices until a decision of match 
was derived. Following all three response choices, 
subjects indicated to the experimenter, the response that 
matched the insepction stimulus, by responding "One," 
"Two," or "Three." The subjects were expected to respond 


for the 30 trials presented. 


Task (c). Subjects received a tactual-successive 
stimulus on each trial. This was followed by visual- 


simultaneous, visual-successive, tactual-simultaneous, 
tactual-successive and auditory-successive response choices 
presented over 30 trials in a random order. Subjects were 
required to retain the stimulus arrangement and match this 
to the three response choices until a decision of match 
was derived. Following all three response choices, sub- 


jects indicated to the experimenter the response that 
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matched the inspection stimulus, by responding "One," 


TIWOyOeOr ee Three +" 


Procedure 

All deaf subjects were tested in the same room at 
the Alberta School for the Deaf, since the residential 
students come from parts of the eres other than 
Edmonton and would not be available on weekends. Subjects 
were easily removed from their dormitories for the testing 
and thus more accessible to the experimenter. Hearing 
subjects were tested in a room at the University of Alberta, 
which was more accessible by public transportation than 
the Alberta School for the Deaf. 

Prior to each task Babi subjects were given instruc- 
tions by the experimenter. Although the instructions were 
conveyed verbally for hearing subjects and manually for 
deaf subjects, both were accompanied by demonstration using 
the apparatus and samples of task procedure. Equivalence 
of modalities and conditions of presentation was demon- 
strated by the experimenter in the following manner: 

(a) Subjects were first introduced to the apparatus by a 
short demonstration of how each part would function in the 
testing. (b) The experimenter next held a closed fist in 
front of the light bulb component, opening the fist and 
extending the fingers outward when the bulb was flashed, 


thus indicating the "flash" to deaf subjects. Hearing 
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subjects were told the word "flash" verbally. (c) A 
pause (temporal delay in flash) between the second and 
third flash was indicated by the manual sign "wait" for 
deaf subjects; the verbal word "pause" for hearing subjects. 
(d) Subjects were next shown the three visual-simultaneous 
response choices and were directed to focus on the choice 
that was equivalent to the inspection stimulus. The 
experimenter then repeated the earlier demonstration: 
"Flash, flash, wait (pause), flash." .-But at the point of 
"wait (pause)" the experimenter's two hands were separated 
in a horizontal movement across the blank space and 
accompanying this gesture with the sign "wait" for the 
deaf, and the verbal "pause" for the hearing, thus equivo- 
cating the temporal dimension of non-flashing to the 
negative spatial dimension. The experimenter then told 
the subjects that the inspection stimulus and that parti- 
cular response choice were the same; that the other two 
response choices differed from the inspection stimulus. 
The subject was asked if he understood. If he responded 
in the negative, the demonstration was repeated a maximum 
of two more times until the subject indicated an under- 
standing. Subjects who did not understand the final 
explanation were stopped and did not participate in the 
rest of the experiment. Six deaf subjects were dropped 
during testing. All hearing subjects participated through- 


out all the testing. 
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Following the demonstration the experimental 
trials were begun. Each subject was asked to attend to 
the inspection stimulus and try to remember what he saw 
and find the one that was the same among the response 
choices, indicating to the experimenter whether this was 
number one, two or three. No strategy for remembering the 
stimulus was offered. Prior to each trial subjects were 
told that they should attend first to the inspection 
stimulus and then to the part of the apparatus involved in 
Ehaeeparelcular trial. 


The subject was then presented with the 30 trials. 


He was given feedback only during the demonstration; in all 


other cases the experimenter responded with "Okay," or 
repeated the response choice number to indicate that she 


had received the subject's decision and would go on. 


Recording of Data 

Data were recorded during the course of testing by 
the experimenter. This was done by eee anaes (in the case 
of the deaf subjects) the response (one, two or three) of 
the subject, or listening (in the case of the hearing 
subjects) to the subject's response and placing a check- 
mark on the data recording sheet next to the response that 
corresponded to that of the subject. A copy of the data 


recording sheet is provided in Appendix A. 
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Scoring 
Scoring was done by hand after all the data had 
been collected. Each response choice was matched to the 
inspection stimulus presented for each trial and data 


were collated across experimental conditions. 
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CHAPTER V 


RESULTS 

The results of Pmee ne ence investigation were 
analyzed according to the specific hypothesis presented 
previously in Chapter III. In order to assess these 
hypothesized etfects the t test and analysis of variance 
techniques (Glass & Stanley, 1970, pp. 292-445) were 
employed. Table 2 presents the general design of the 
investigation, a 2 x 3 x 5 factorial design with the third 
variable being within-subject, along with the means and 
standard deviations for correct matching responses on the 
experimental task (see Table 2). This table portrays the 
conditions for inspection stimulus modality and response 
choice modalities which were contrasted in the hypothesized 
comparisons. The tests of each hypothesis will make 
reference to the comparisons as the conditions are presented 


in thvs table. 


Hypothesis 1 
The first hypothesis predicted that hearing sub- 
jects would produce more correct responses than their 
deaf counterparts on tasks which inyolved stimulus pre- 
sentation in a modality (auditory or tactual) or condition 


(successive presentation) in which they lacked experience. 
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The specific predictions follow. They are quoted as they 
appear in Chapter III. 
Hypothesis 1.1. Hearing subjects will produce 

more total correct responses than deaf subjects 

on all successive tasks. 
In order to test this hypothesis, hearing subjects were 
compared to deaf subjects on a composite mean score of all 
| cells in Table 2 except the visual-simultaneous to visual- 
simultaneous and visual-simultaneous to tactual-simultaneous 
conditions. The t test for independent samples was 
employed indicating a significant difference between the 
two groups (X Hearing=23.42, X Deaf=18.79, t=3.20, df=32) 
at the .001 level. The results thus support the hypothesis 
in the predicted direction. A post-hoc analysis comparing 
the deaf andvhearing subjects on the vistal—simul taneous 
to visual-simultaneous transfer revealed no significant 
difference between the two groups on this condition 
(X Hearing=5+827-X-Deaf=5+455—-t=14105-df-L0+—-p><05)+ 

Hypothesis 1.2. Deaf subjects will produce 

more total correct responses on successive response 

choices in the visual mode than in the tactual and 

auditory modalities. 
This hypothesis was tested by comparing a composite score 
of the visual-successive response choice mode with the 
composite of the six cells in the tactual and auditory- 
successive response choice modes. At test for dependent 
samples was employed which indicated a significant dif- 


ference between the groups (X visual-successive=4.48, 


X auditory-successive and tactual-successive=4.09, 
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TABLE 2 


MEANS AND STANDARD DEVIATIONS FOR TOTAL CORRECT 


MATCHING CHOICE RESPONSES FOR SIX TRIALS COMPARING 


HEARING SUBJECTS ON INSPECTION STIMULUS AND RESPONSE 


Group 


Deaf 


children 


Hearing 


children 


Inspection 


stimulus 


condition 


Visual- 
simultaneous 


Visual- 
successive 


Tactual- 
successive 


Visual- 
simultaneous 


Visual- 
successive 


Tactual- 
successive 


Simultaneous 


Visual- 


4.90 
Cin) 


oe Ok 
(.60) 


a 


Response 


CHOICE MODES 


a) 
> 
a 
0) 
n 
1) 
2) 
U 
2 | 
n 


3690 


fel learn 7E) 


eae! Fre) 


eae 
(.93) 


(i273) 


Auditory- 
successive 


Choice Conditions 


Successive 


Dwele 
View 254 


Note.--Numbers in parentheses are standard deviations. 


actual- 
imultaneous 


4.18 
(1.40) 


Bice 
CLS 51) 
4.18 


CL.25) 


3. 00 
(1.22) 


4.72 


(i «0 1) 


Se) 
(1.14) 


t=1.79,. df=32). at the .041 eLevel.. The results support the 
hypothesis in the predicted direction. 
Hypothesis WBEY. There should be a learning 

trend for the deaf on all transfer tasks due to 

the subjects' ability to improve on these tasks 

aS a result of experience with the task. 
This hypothesis was assessed with a one-factor, repeated 
measure, analysis of variance procedure in which the deaf 
subjects data were collapsed across both inspection stimu- 
lus and response choice conditions. In this analysis, the 
data were assessed across the six trials for each response 
choice condition which served as the six levels of the 
repeated measures. The means and standard deviations are 
presented in Table 3 for the six trial averages across 
these conditions. The analysis of variance revealed a 
Significant difference between these trials (F=3.77, 


adf,=5, df£f,=300) at the .01 level supporting the above 


a 2 
hypothesis regarding an increase in accuracy of matching 
for the deaf subjects during the course of the experiment. 


Summary of findings for Hypothesis: 1.) All three 


predictions in Hypothesis 1 were.statistically significant. 


Hypothesis 1.1 was confirmed in that hearing subjects did 
significantly better than deaf subjects on all successive 
tasks. Hypothesis 1.2, which predicted that deaf subjects 
would produce more correct responses on successive tasks 
in the visual mode than in the tactual and auditory modes, 
was supported by the findings. Finally, Hypothesis 1.3, 


which predicted a learning trend for the deaf on all 


transfer tasks, was confirmed. 
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TABLE 3 


MEANS FOR DEAF SUBJECTS 
FOR Iuneolx TRIALS 
COLLAPSED ACROSS INSPECTION STIMULUS 


AND RESPONSE CHOICE CONDITIONS 


A] 
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Hypothesis 2 

The second hypothesis predicted first that deaf and 
hearing subjects would produce more correct responses on 
tasks involving transfers to and from modality-congruent 
stimulus distributions (e.g., visual-spatial and auditory- 
temporal) than modality-incongruent distributions; secondly 
that subjects who have experience with a condition of a 
modality-incongruent (e.g., visual-successive, tactual- 
simultaneous) stimulus distribution will produce more 
correct responses than subjects lacking such experience. 
The specific predictions follow, quoted from Chapter III. 

Hypothesis 2.1. Both deaf and hearing subjects 
will produce more total correct responses on transfers 
from visual-simultaneous to visual-simultaneous than 
from visual-simultaneous to visual-successSive distrib- 
utions. 

A t test for dependent samples was performed for these two 
conditions which resulted in a significant difference 

(xX visual-simultaneous to visual-simultaneous=5.64, 

X visual-simultaneous to visual-successive=4.95, t=2.06, 
df=21) at the .026 level. The results thus supported this 
hypothesis in the predicted direction. 

Hypothesis 2.2. Both deaf and hearing subjects 
will produce more total correct responses on transfers 
from visual-simultaneous to tactual~-successive than 
from visual-simultaneous to tactual-simultaneous 
distributions... 

At test for dependent samples comparing these two con- 


ditions across both groups was performed. The results of 


the analysis (X visual-simultaneous to tactual- 
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successive=5.05, X visual-simultaneous to tactual- 


simultaneous=4.59, t=1.36, df=21) do not support this hypo- 


thesis. 


Hypothests*23."= Both? dearand hearing subjects 
will produce more total correct responses on transfers 
from tactual-successive to tactual-successive than 
from tactual-successive to tactual-simultaneous 
aqaistributions® 

A t test for dependent samples was performed collapsed 

across both groups of subjects comparing these conditions. 

The results of the analysis do not support this hypothesis 

(X tactual-successive to tactual-successive=4.55, 

X tactual-successive to tactual-simultaneous=4.64, t=.34, 

df=21) + 

Hypothesis’ 274. “Both*deaf'and*hearing subjects 

will produce more total correct responses on transfers 
from tactual-successive to visual-simultaneous than 
from tactual-successive to visual-successive distrib- 
utions. 

At test for gependent samples was performed on these two 

conditions across both subject groups. The results of the 

analysis do not support this hypothesis (X tactual- 

successive to visual-simultaneous=5.59, X tactual- 

succesSive to visual-successive=5.45, t=.65, df=21). 

Hypothesis 2.5. Both deaf and hearing subjects 

will produce more total correct responses on transfers 
from tactual-successive to auditory-successive than 
from tactual-successive to tactual-simultaneous 
distributions. 

A t test for dependent samples was performed comparing 


these conditions. The results of the analysis do not 


support this hypotheses (X tactual-successive to auditory- 
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successive=4.95, X tactual-successive to tactual- 
simultaneous=4.64, t=.94, df=21). 

Hypothesis 2.0.5, Both deat and hearing subjects 
will produce more correct responses on transfers 
from visual-successive to visual-simultaneous than 
from visual-successive to tactual-simultaneous 
distributions. 

At test for independent samples was performed which 
resulted in a significant difference (X visual-successive 
to visual-simultaneous=5. 32, X visual-successive to 
tactual-simultaneous 4.59, t=2.08, df=21) at the .024 
level. The results thus supported this hypothesis in the 
predicted direction. 

Hypothesis») 2.7.5 Hearing subjects! will* produce 
more total correct responses than deaf subjects on 
transfers from visual-simultaneous to auditory- 
successive distributions. 

A t test for independent samples was performed comparing 
these groups which resulted in a significant difference 
(X Hearing=5.64, X Deaf=3.73,)t=3.87, df=10)..at the ~001 
level. The results supported this hypothesis in the 
predicted direction. 

Hypothesis 2.8. Hearing subjects will produce 
more total correct responses than deaf subjects on 
transfers from visual-simultaneous to tactual- 
successive distributions. 

A t test for independent samples was performed between the 
groups which resulted in a significant difference 
(X Hearing=5.82, X Deaf=4.27, t=3.07, df=10) at the .005 


level. The results thus supported this hypothesis in the 


predicted direction. 
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Hypothesis 2.9. Hearing subjects will produce 
more total correct responses than deaf subjects on 
transfers from tactual-successive to visual- 
successive distributions. 

A t test for independent samples was performed for this 
comparison which resulted in a significant difference 

(Xe Hessel ngnd £13hs eorDeat= Senko ct 2.005 dt. Olera tt thees0 33 
level. The results thus supported this hypothesis in 
the predicted direction. 

Hypothesis 2.10. Hearing subjects will produce 
more total correct responses than deaf subjects on 
transfers from tactual-successive to auditory- 
successive distributions. 

A t test for independent samples was performed on these 
conditions which resulted in a significant difference 

(X Hearing=5.45, X Deaf=4.45, t=1.93, df=10) at the .041 
level. The results thus supported this hypothesis in 
the predicted direction. 

Hypothesis 2.11. Hearing subjects will produce 
more total correct responses than deaf subjects on 
transfers from visual-successive to visual-successive 
distributions. 

A t test for independent samples was performed between these 
groups which resulted in a significant difference 

(X Hearing=5.45, X Deaf=3.91, t=2.57, df=10) at the .013 
level. The results supported this hypothesis in the 
predicted direction. 

Hypothesis 2.12. Hearing subjects will produce 
more total correct responses than deaf subjects on 


transfers from visual~successive to auditory- 
successive distributions. 


A t test for independent samples was performed which 


resulted in a significant difference (X Hearing=5.36, 
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X Deaf=3.91, t=2.91, df=10) at the .007 level. The results 
thus supported this hypothesis in the predicted direction. 
Hypothesis 2.13. Hearing subjects will produce 

more total correct responses than deaf subjects on 
transfers from visual-successive to tactual-successive 
distributions. 

A t test for independent samples was performed between these 

groups which resulted in a significant difference 

(X Hearing=5.09, X Deaf 4.27, t=1.96, df=10) at the .038 

level. The results thus supported this hypothesis in the 


predicted direction. 


Suimaxy Otw hi ndings eton Hypotliesis 2ius (ae rst 
part of the second hypothesis (Hypotheses 2.1 through 2.5) 


which stated that both deaf and hearing subjects would 
produce more correct responses on tasks involving transfers 
to and from modality-incongruent stimulus distributions was 
generally not; supported by the results. Hypothesis 2.1, 
however, was confirmed in that both deaf and hearing sub- 
jects performed significantly better on transfers from 
visual-simultaneous to visual-simultaneous stimulus distrib- 
utions than on transfers from visual-simultaneous to 
visual-successive stimulus distributions. The second part 
of Hypothesis 2 (Hypotheses 2.6 through 2.13) which stated 
that subjects who have experience with a condition of a 
modality-incongruent stimulus distribtuion would produce 
more correct responses than those who do not have such 


experience, was confirmed in each comparison. 
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Hypothesis 3 

The third hypothesis predicted that on tasks 
requiring subjects to perceive stimuli in one modality 
and recognize the equivalent stimuli in a different modal- 
ity, hearing subjects would show more accurate coding than 
deaf subjects. Table 4 shows the specific comparisons for 
each of these cross-modal transfers. The specific hypo- 
theses, quoted from Chapter III, are assessed below. 

Hypothesis 3.1. Hearing subjects will produce 
more total correct responses than deaf subjects on 
transfers from visual-simultaneous to auditory- 
successive distributions. 

A t test for independent samples was performed for these 
groups which resulted in a significant difference 

(X Hearing=5.64, X Deaf=3.73, t=3.87, df=10) at the .001 
level. The results: thus supported the hypothesis in the 
predicted direction. 

Hypothesis 3.2. Hearing subjects will produce 
more total correct responses than deaf subjects on 
transfers from visual-simultaneous to tactual- 
Simultaneous distributions. 

A t test for independent samples was performed for these 
groups. The results of the analysis do not support this 
hypothesis (X Hearing=5.00, X Deaf=4.18, t=1.44, df=10). 

Hypothesis 3.3. Hearing subjects will produce 
more total correct responses than deaf subjects on 
transfers from visual-simultaneous to tactual- 
successive distributions. 

A t test for independent samples was performed for these 


groups which resulted in a significant difference 


(X Hearing=5.82, X Deaf=4.27, t=3.07, df=10) at the .005 
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-level. The results thus supported this hypothesis in the 


predicted direction. 


Hypothesis 3.4. Hearing subjects will produce 
more total correct responses than deaf subjects 
on transfers from visual-successive to auditory- 
successive distributions. 

A t test for independent samples was performed which 
resulted in a significant difference (X Hearing=5.36, 
X Deaf=3.91, t=2.91, df=10) at the .007 level. The 
results thus supported this hypothesis in the predicted 
direction. 

Hypothesis 3.5. Hearing subjects will produce 
more total correct responses than deaf subjects 
on transfers from visual~-successive to tactual- 
Simultaneous distributions. 

Amimtestefor independent samples was performed for these 
groups which resulted in a significant difference 

(X Hearing=4.73, X Deaf=3.55, t=2.16, df=10) at the .028 
level. The results thus supported this hypothesis in the 
predicted direction. 

Hypothesis 3.6. Hearing subjects will produce 
more total correct responses than deaf subjects on 
transfers from visual-successive to tactual-successive 
distributions. 

A t test for independent samples was performed between 
those groups which resulted in a significant difference 
(X Hearing=5.09, X Deaf=4.27, t=1.96, df=10) at the .038 
level. The results thus supported this hypothesis in the 


predicted direction. 


Hypothesis 3.7. Hearing subjects will produce 
more total correct responses than deaf subjects on 


transfers from tactual-successive to visual-simultaneous 


distributions. 
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TABLE 4 


COMPARISON OF DEAF AND HEARING 


SUBJECTS ON VARIOUS CROSS-MODAL TRANSFERS 


Deaf jPodled} i Hearing t 
Mean | s biaselaea 


Transfer 


Visual-simultaneous 
to 
Auditory-successive 


7 
TEREST, pS 


Visual-simultaneous 


, heEO 
Tactual-simultaneous 


Visual-simultaneous 
to 
Tactual-successive 


Visual-successive 
to 
Auditory-successive 


Visual-successive 
to 
Tactual-simultaneous 


Visual-successive 
to 
Tactual-successive 


Tactual-successive 
to 
Visual-simultaneous 


Tactual-successive ‘ 
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Visual-successive R 
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A t test for independent samples was performed between 
these groups. The results of the analysis do not support 
this hypothesis (X Hearing=5.45, X Deaf=5.73, t=.96, 


df=10). 


Hypothesis 3.8. Hearing subjects will produce 
more correct responses than deaf subjects on 
transfers from tactual-successive to visual-successive 
aqiseributions. 

A t test for independent samples was performed for these 
conditions which resulted in a significant difference 

(X Hearing=5.73, X Deaf=5.18, t=2.05, df=10) at the .033 
level. The results thus supported the hypothesis in the 
predicted direction. 

Hypothesis 3.9.) slearing subjects wii leproduce 
more total correct responses than deaf subjects on 
transfers from tactual-successive to auditory- 
successive distributions. 

A t test for independent samples was performed which 
resulted in ajsignificant difference (X Hearing=5.45, 


X Deaf=4.45, t=1.93, df=10) at the .041 level. The results 


thus supported this hypothesis in the predicted direction. 


Summary of findings for Hypothesis 3. This hypo- 


thesis (Hypotheses 3.1 through 3.9) was generally supported 
by the results in that in all but two comparisons the 
hearing subjects produced significantly more correct 
responses on cross-modal transfers than the deaf subjects. 
Hypothesis 3.2 which predicted that hearing subjects would 
perform in a manner superior to deaf subjects on transfers 


from visual-simultaneous to tactual-simultaneous stimulus 
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distributions and Hypothesis 3.7 which’ predicted that 
hearing subjects would produce poe correct: responses 

on transfers from tactual-successive to visual-simultaneous 
stimulus distributions were not confirmed by the results, 


i.e., no significant differences were revealed. 


CHAPTER VI 
DISCUSSION 
The Hypotheses 


Hypothesis 1. The underlying assumption of this 
study was that perceptual processes for hearing and deaf 
children would differ only in those areas of processing 
where the deaf are restricted in perceptual experiences 
that are available to the hearing. It was proposed in 
Hypothesis 1 that the deaf and hearing subjects' responses 
to the stimulus materials in the various conditions would 
vary relative to their experience with processing analogous 
material. Since it is the case that experience with 
successive processing iS gained primarily through the 
auditory Ocal ae was predicted that hearing subjects 
produce more correct responses than the deaf subjects on 
transfer tasks involving these successive conditions. The 
results of the subjects' performance on successive tasks 
which tested this prediction supported the first hypothesis 
in the predicted direction. The performance of hearing 
subjects was superior to that of the deaf subjects on 
successive tasks. This reasoning was extended to suggest 
that there would be no significant differences between the 


deaf and hearing on tasks involving modalities and 
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conditions in which both groups were equally experienced. 
A post-hoc analysis revealed that indeed there were no 
significant differences between these groups on transfers 
from visual-simultaneous distributions to visual- 
Simultaneous distributions. Further support for this 
hypothesis was evidenced in the results of Hypothesis 1.2, 
wherein deaf subjects produced significantly more correct 
responses on successive response choices in the visual 
mode than in the tactual and auditory modalities. In 

this instance an unfamiliar condition (successive) was 
associated with three different modalities and as pre- 
dicted the deaf did significantly better on response 
choices in the visual-successive modality than in the 
tactual-successive and auditory-successive modality. 

These results indicated that the visual modality is one 
that for the/ deaf is superior to the others regardless of 
condition. From the above we can conclude that the modal- 
ity with which the deaf have most experience is also the 
modality most suited for making decisions of equivalence 
in same or different modalities. The import of such 
results lies in the earlier analysis of the reading pro- 
cess and the search for an explanation of the high 
incidence of reading retardation among the deaf. A primary 
deficiency in successive processing would imply that the 
deaf would have difficulty in what Lashley (1960) has 


described as the hierarchy of integrations involved in the 
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expression of language. Paiyio's (1971) proposal that 
the verbal system is specialized for the processing of 
temporally organized patterns would suggest that inferior 
processing of successive stimuli would be cause for a 
disturbance in the verbal system. If we consider deaf 
children who are taught in a manner similar to hearing 
children, involving the transfer from and to successive 
stimuli, then the problems of the deaf, manifested in the 
form of reading retardation, could at least partially Be 
explained by the fact that the deaf have difficulty with 
Processing and transferring successive information. It 
is also evident that to teach the deaf in such a manner 
would be to least exploit the modality and condition in 
which they are most successful and most like their hearing 
peers--that is the visual-simultaneous modality and con- 
dition. The results appear to conclusively identify the 
visual-simultaneous to visual-simultaneous transfers and 
visual-simultaneous response choices as the strongest in- 
put and response modes for deaf recipients. 

The results of the analysis for the third part of 
Hypothesis 1 revealed a learning trend over the six 
presentations in all conditions for the deaf subjects. 
These findings suggest that if we would attempt to teach 
students on tasks involving intersensory integration 
(language and reading for the deaf), repeated exposure to 


stimuli of that nature could probably enhance the effec- 
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tiveness of.training.s ASeShagan putSeit, "The cratical 
variable is not the modality per se but the degree of 
experience in working with a modality [Goodnow, 1971, 


De 4} out 


Hypothesis 2. The second hypothesis first pre- 
dicted that deaf and hearing subjects would perform ina 
superior fashion on tasks involving modality-congruent 
stimulus distributions than to tasks involving modality- 
incongruent distributions. In general, this part of the 
hypothesis was not supported by the results. There were 
no significant differences between transfers that involved 
modality congruent conditions in comparison to modality- 
incongruent conditions. It appears that these results 
suggest only that modality-congruency will not necessarily 
Simplify the problem of transfer. Although these results 
might lead one to suspect that simultaneous distributions 
are not necessarily apprehended most easily: through 
through the visual modality and successive distributions 
are not perceived best by the auditory and tactual modal- 
ities as O'Connor and Hermelin have proposed (1971), caution 
should be heeded before arriving at such an interpretation. 
It is more probable that this study involved a procedure 
that was not an adequate test of this hypothesis. These 
findings suggest that it is likely that skill in learning 
to read and manipulate language symbols is dependent on 


perceiving stimuli through the most receptive modality 


shee tenon stein - slie tots stint 0 rota 
-vytiLebom pirkyfownk adews os edd asi diated 


oan 


ot to dang ait \Letenep A Lanolsudiade 28 saarepaoont 


sisw erent .aAtivesx ets x¢ idea zon “tie etenancay 
bovioynd tsa exStenexs gsavtad. weonex9tTib ttsotiinple on 
-yitisbom of ee mi anata tbrios SSH SYAOD ie 
ativuest seent Jedi Seeds. $I. ,enottiSaes donne 
yVitxgeesson ton, [fiw ySasu7RAOo- ta taal seid, ¥iso bro aR 
adlueen stieds duiorela ibaa to moldaag end @isgnte 


ano bdidizdeib euoones Lime jsdt Fosaawe ot eno. feet be ay 


Hovomds yiteke dean peanededtie vlateanezon ste Mp 


anoidvdiitelb evieassove brs yt iiebon isveiv odd dpuoxds 


“leben Tputsed bis Yiotibus aly ye teed bovieoreq jon sts 


folsead » (ivel) beaagoxq. aved at fourrol has 20nneo'O es eoist 


agiteteiqreind ds fous tp: patvitts axoted behsed ed biyore 


ua ~, 


siubedoiy § Bev Tova Loge sidsdorg stom et 3t 


96 


but not necessarily the case that transfer from one 
modality to another is facilitated by modality congruency. 
A second part of Hypothesis 2 predicted that the 
hearing subjects would produce more correct responses 
than the deaf subjects on transfers from and to modality- 
incongruent conditions in which the deaf lacked experience. 
This hypothesis was in all cases confirmed which lent 
further support to the notion that experience would 
facilitate transfer. That is, experience in both simul- 
taneous and succesSive processing appears to be essential 
for the transfer from and to modality-incongruent stimuli. 
The deaf subjects, having a less substantial foundation of 
Successive, processing) experiences, appear to have. greater 
difficulty than the hearing subjects in the transfer of 
successive information within a modality-incongruent 


context. 


Hypothesis 3. The final hypothesis was supported 
in all but two instances. Based on responses of both deaf 
and hearing subjects on cross-modal as well as cross- 
condition transfer, results have shown that there are 
significant statistical differences between individuals 
whose sensory receptors are normal and those who experience 
a sensory deficit. Hearing subjects produced more correct 
responses on the following cross~modal and cross~condition 
transfers: visual-simultaneous to auditory-successive, 


visual-simultaneous to tactual-successive, visual-successive 
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to auditory-successive, yisual-successive to tactual- 
simultaneous, visual-successive to tactual-successive, 
tactual-successive to visual-successive and tactual- 
successive to auditory-successive. 

Because language learning (in terms of competence 
and performance) for the deaf, is dependent on an ability 
to recognize as well as arrange patterns of stimuli into 
spatial and temporal arrangements, intra-modally and cross- 
modally, the support of Hypothesis 3 is a significant 
finding. On the task designed to test this hypothesis the 
deaf subjects demonstrated greater difficulty ee hearing 
subjects, with the integration of stimuli received in one 
modality and one particular condition to be perceived in 
another or same modality and condition. The literature 
has evidenced that essential to linguistic and reading 
ability is a basic ability to code stimulus information 
across modalities and conditions. Inasmuch as reading is 
dependent on the ability to meke judgements of auditory- 
visual equivalence and, "a primary disturbance in the 
ability to integrate stimuli from two critical sense 
modalities, hearing and vision, may well serve to increase 
the risk of becoming a poor reader [Birch & Belmont, 1964, 
p. 858]," the findings of the present study suggest that 
the poor intersensory performance by deaf subjects is at 
least in part a factor which can account for reading 


retardation among the deaf; this proposal would he the 
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case when reading is taught to the deaf in an analogous 
fashion as it is taught to hearing children. Birch and 
Belmont (1964) have proposed that other factors may also 
account for reading incompetence; e.g., "emotional 
disturbances, cultural deprivation, disturbances in 
TAtLerealrzation of function and other indicators of 
NeUrolodVen ys cunceiOn.. 9... lp. coO |i 

The failure to find support for two specific 
predictions, namely Hypothesis 3.2, which predicted that 
hearing subjects would produce more correct responses than 
deaf subjects on transfers from visual-simultaneous to 
tactual-simultaneous dvstri butions, andely potnesises., ; 
which predicted that hearing subjects would produce more 
correct responses than deaf subjects on transfers from 
tactual-successive to tactual-simultaneous distributions ,. 
might be explained by the fact that both deaf and hearing 
groups share equally in experience with visual-simultaneous 
distributions and inexperience with tactual-simultaneous 
and tactual-successive distributions of stimuli. The task 
of transferring from a modality-congruent inspection 
stimulus to a modality-incongruent response choice proved 
to be equally as difficult for both groups. The fact that 
in all other cases, response of the hearing subjects on 
transfer tasks were significantly better than those of the 
deaf, with the exception of these two, implies something of 
a panadigm for the viewpoint that sensory experience is 


related to sensory performance. 
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The results of this investigation have identified 
the inability of deaf children to process auditory- 
successive information as cause for differential responses 
at cross-modal transfer tasks between deaf and hearing 
groups. Although memory is a factor necessary for solving 
intersensory problems in a multiple-choice condition, 
which could contribute to the results, the design of the 
experiment controlled for the possible interference of the 
factor by prior testing of deaf subjects with the Hiskey 
Nebaska Memory Test of Colors and Numbers. It is not 
likely that the results obtained could be attributed to a 
deficiency in memory. Yet the possibility that subjects' 
memory for sensory stimuli in one modality is superior or 
inferior to their memory for sensory stimuli in another 
modality could account; for the significant differences. in 
response choices. Because this study has not attempted to 
determine causes for the differences found, but has 
attempted only to identify them, it would be of interest 
to explore the memory factor with the deaf in future 
research. 

Some non-empirical observations made during the 
course of testing led the experimenter to belieye that 
apart from differences between groups, differences among 
subjects could perhaps be accounted for by the coding 
strategies adopted by some subjects. Goodnow discusses 


this concept aptly in the following: 
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Equally, the difficulty with cross-modal matching may 

lie in.a tendency to use different forms. of coding for 

different material. One has the feelings for example, 

that young children are more likely to use number 

coding for a series of dots on a page than for a 

series of sounds (they have learned to count with 

visual material). Older children, however, give 

the impression of being more likely to use number 

codings for both Kinds Gt stimul.. @inally jo tue 

young child may have particular difficulty with 

some cross-modal tasks. . . because he lacks the 

rules that convert one stimulus pattern into 

another [Goodnow, 1971, p. 23]. 
The design of the experiment did not permit empirical 
testing of coding operations, but it was apparent that 
several deaf subjects adopted a manual strategy. In 
these cases the stimulus arrangement was manifested in 
the subjects' hands. For example, a spatial or temoral 
arrangement in which the stimulus was distributed such 
that two contiguous dots or beeps were separated by a 
Spatial or temporal interval from a third, subjects raised 
two fingers on one hand and one finger on the other. This 
kind of strategy suggests a kind of manual mediation for 
the solving of transfer problems. Manual mediation seemed 
to have served as a short-term memory retainer for these 
deaf subjects. The utility of this observation lies in 
the possibility Of initiating manual Strategies Ln pros 


grams designed to train cross-modal transfer for the pur- 


pose of teaching language and reading to the deaf. 


Implications 
The implications of the study just described, 


generally lie in the area of education of the deaf; 
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specifically in the area of designing reading and language > 
programs. One suggestion for an instructional option in 
this area is the use of sign language in teaching the deaf 
childuatox read. 

Although it has been suggested earlier in this 
thesis that the existence of reading and language at all 
is an achievement for the deaf child taught by an oral 
method, the reader is directed to consider an alternative 
to* reading retardation. If the oral approach to the 
teaching of reading is an overly complex procedure having 
unrealistic expectations, then an alternative would seem 
to be a simpler method of instruction. 

A simpler method would involve placing the empha- 
sis of language training on the visual mode and using 
spatially distributed stimuli. Accomplishing this would 
merely involve using sign language (a visual stimulus 
spatially distributed) as an input to be processed by the 
child. Obviously, we would want the child to respond and 
this would require cross-modal transfer. But cross-modal 
trans ferawoulde#béstosan*equivaléentrcondition ; “ive wv), -from 
visual stimuli*spatially ‘distributed, to motoric responses 
Spatially distributed. Acquiring language and learning to 
communicate would involve merely learning units of spatially 
distributed information. Individual signs when combined 
into sentences could provide the child with experiences in 


serial ordering of meaningful units. Later, when the child 
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enters school, reading may involve transfer across 
modalities, but conditions of presentation would remain 
the same. Reading would entail learning to recognize 
visual-spatial units (words) as associated with visual 
and motoric units (signs) and with other visual-spatial 
units (concrete objects). At the time of school 
entrance the deaf child would also have developed to the 
point of being receptive to cross-modal transfer problem- 
solving (Birch & Belmont, 1965). Successive processing 
should not be neglected. However, acquisition of succes- 
Sive processing, as the results have shown, 4 not a 
developmental phenomenon for deaf children. Successive 
processing should be formaily trained before the child 
is expected to exercise it. A training procedure would 
best begin with successive processing in the visual 
modality and other modalities introduced following 
mastery. 

While this suggested method of teaching reading 
to deaf children differs from that used to teach hearing 
children, the characteristic simplicity of the operations 


involved is similar. -It is hoped that such an approach 


to instructing reading wouid result in a minimal incidence 


of reading retardation among the deaf. 


Future research. The logical next step after 
the study presented in this thesis would be a study 


examining subjects' responses to a pre-test, training 
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procedure and post-test set of tasks designed to measure 
the effects of training on successive processing (parti- 
cularliyin.the visual modality)... If deaf subjects, 

as predicted, improve on successive tasks following 
training, further evidence would exist for proposing that 
teachers of the deaf systematically provide such training 
in their educational programs. 

Another suggestion for future research is a 
replication of Blank and Bridger's study (see the review 
of the literature, Chapter II) describing cross-modal 
equivalence and cross-modal concept utilizing deaf sub- 
jects. The results of their experiment supported the 
investigators' hypothesis which stated that language is 
not necessary for problems involving CME, but essential 
for CMC tasks. CME- and CMC-type tasks are implicit in 
programs designed to teach deaf children to speak. It 
would be of interest therefore, to conduct a similar 
experiment involving pre-school deaf children whose verbal 
experience is limited or negligible in hopes of determin- 
ing whether or not (a) there is any indication that pre- 
school deaf children are prepared to begin language 
training that involves CMC tasks and “(b) 1f the absence 
of an auditory language base inhibits successful perform- 
ance of CMC problems. 

A third suggestion for further research 1s to 


select deaf subjects so that there are an equal number 


dered sichleches 4 dena part 
vpalaisys fous sh ivotg Weert nnarene: Jesh eft be exedoses 
(TPO LeMoldsoybe werd mt 
& #0 sttgees: oval act fois seppee, Tedhone sabng 4 
welves elt o52) -yiuse a tepptxe ‘bre thela lo nottaoilges 
fshom-aaor priditsaes. (2T tetgeso ,ststetil, sito: 
~dwe Tesh og isi fide dagonap isbom-eaox bas sonelsvitipe 
si} hejrogyuve Joemigsqts 1hSsdY. to edivasy edt ~8t007¢ 
ei 9peupast Ject beiage Aaidw aleernsogyd ‘etadspisesval 
{sivaseas' dud , a9 paiviove: anisidoxrg 102 yrseesoen gon 
fia Jisiltini ox® alead oqys-UM) Sas .-aaD -&2est, IMD 2x02 
tT 6.teege of rothiahe ios Ashes of Ssrpiesh emsxzporq 
Wiintte « Jnbuno o2 .srotswshs taatsiat Bo ed Bluow 
ledisy stow dexbiity 2966 loors 2-axg piivioval tusmitegxs 
“titieteb to zeqod a}. eidliphiipen xo fexini! eb poseieeeen 
“#3g gent noidsothal yes et éyard (6) Jon to tertertw pant 
spauvnsl apod:o79 bowsgete ox avablido Isab Loodse 
sunbeds sid 22 (cl) fms aXess\ OND eovihouns demp wenbwhess 
~mctmeq fvtarecoue giidinoi sasd opaupnst Yiotibus as to 
| -emel oD to eons 

oF Bf Moisster vsilbrnt vot noktéeppys | 
xiii Taups as oan stand +684 oe lial ail 


oO _ 
> & 


of subjects in each in each age bracket. Developmental 
trends would thus become evident. Selection of subjects 
in the experiment described in this thesis was not made 
in this way due to the availability of subjects for 


testing. 


Summary 

The present study sought to investigate 
differences between two groups, one group comprised of 
hearing-impaired children and the other comprised of 
normal hearing children, based on their responses to 
various intramodal, cross-modal, intracondition and 
cross-condition tasks. In addition to differences between 
groups, the study attempted to determine (a) the optimal 
stimulus combination for the transfer of perceptual infor- 
mation for deaf subjects and (b) whether or not repeated 
exposure to tasks would result in improvement by deaf 
subjects. 

The literature regarding simultaneous and succes- 
sive information processing and cross-modal transfer 
suggested (a) that the sensory modalities at some level 
of cortical operation are equivalent which could account 
for the human ability to transfer perceptual information 
across modalities and (b) the fact that experience with 
simultaneous rteeaherncerate stimulus distributions can be 
acquired in one modality and transferred to a different 


modality. It had been proposed that a hearing loss 
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precludes the reception of auditory stimuli and would 

thus cause deaf children to have greater difficulty than 
hearing children in processing perceptual information of 

a successive nature.* The implication of this suggestion 

is that the difficulties manifested by the hearing-impaired 
in linguistic and reading performance, when they are taught 
in a traditionally oral method, could be attributed to a 
basic deficiency in perceptual processing. It had been 
hypothesized that the hearing subjects involved in this 
study would demonstrate greater facility than deaf subjects 
at cross-modal, cross-condition, and modality-incongruent 
tasks but that deaf and hearing subjects would perform in 

a like manner on tasks involving stimuli which the subjects 
have experienced equally; i.¢., visual-simultaneous to 
visual-simultaneous transfers. 

Thirty-three deaf and 33 hearing subjects were 
randomly assigned to three different groups distinguished 
by inspection stimulus modality and condition; visual- 
simultaneous, visual-successive and tactual-successive. 

All subjects were administered tests involving the same 
five response choices: visual-simultaneous, visual- 
successive and tactual-simultaneous. The results indicated 
that there are significant differences between deaf and 
hearing subjects on cross-modal and modality-incongruent 
transfers but no difference on transfers from visual- 


simultaneous to visual-simultaneous stimulus distributions. 


ao ktaeppue ‘ill lo saa a” *  ovuse 

herieqa@i-priitesd oft yo potest i dein sade replat 
tdpust sts yen? ory  SonEMEAt Iq aetna susetientt af 
6 Of Botidiratss sd Br be  bofd sim ieee vil NOLS 
mgeg bed tf jphiSenedients Isutqeoxsg ai Youets ; 
aids. ot hovioval exostedia phitxser! arly sets bos ivedsoaya 
essetdus seb ast yrtLton® alnsyy stati 2n0mef Blow ybute 
drrotitbeneanks yiilsbom bie oid tbdob=ea0s0, :Isbom-reor5 a6 
al motreq Biwow asostdue phizesd Bre: 2606 Seay pod Ores, 
esos! dub ant fiokciw tinmkte poivioval gtesd mo 1sAnBM ott ‘ 
oF Srognstlomba-‘sigiv >. t yellsope ONS. \ oven. 
eked atte sstheattediae tai 

otew stsetdue enivsed 86 bas tosh soait-ysake ss 
boristopritels aquoup tnsxsttib! sexad oo bonpiees vimobast 
-iswetv idoisiiioo bas ytiisbom au lomitea soitoaqeni ‘yd 
siteassove~Laedon> bas ev. LestSoue-Isueiv seuonnssiumis 
eifas o113 privior ni #deod betétetaimbs exow atos(due. IIA 
sakes , aO8NF dermis Reetiy ragaiods. semeqeot evit 

bates Hert sansites ant  qyositet lumia-~isutoss bas sviagssove 
bag 26 aeswd od agpnexeia ib tmsortinpie sms eredd dens 


snaoneop (eh Lebo bas fabomcanios@ 10 pra setter, 


ose: | 


106 


The deaf subjects made fewer correct responses on all 
successive tasks than hearing subjects. However, 
analysis of the responses made by deaf subjects revealed 
a learning trend for successive tasks. The findings 
thus provide general support for the hypothesis. 

Although this study has primarily concentrated on 
establishing an understanding of the perceptual processes 
of the deaf and the relation of these processes to 
linguistic and reading competence, a more encompassing 
viewpoint should reveal profound but as yet abstrusive 
effects of a condition which prohibits individuals from 
regularly experiencing stimuli distributed in time. 
Visual and tactual stimuli can only serve to supplement 
the consequences of experiencing auditory stimuli if 
those who attempt to teach the deaf are prepared to pro- 
vide their students with opportunities to experience 
visual-successive and tactual-successive stimuli as part 


Of therr educational schema. 
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APPENDIX A 


Instxyuctions 


The instructions to subjects, which follow, were 
Signed to deaf subjects and spoken to hearing subjects. 

"Hi, -~---. My name is Barbara and this is my 
assistant, Patrick. We're going to play a little game. 
See all of these things around you? I'll tell you how 
they work. These are lights. See the flashes?" 

Lights are flashed. Experimenter verbalizes or 
signs, "flash, flash, flash," with appropriate pauses 
between flashes. This arrangement was always used: 
flash-flash-pause-pause-flash. 

"Now look over here." 

Subject is directed to look at visual-simultaneous 
responses choices. 

"See, there are three choices. You must find the 
one that is the same as the one I show you first." 

Experimenter goes back to the lights and gives an 
example, then back to dots. Experimenter demonstrates 
manually or verbally that a particular temporal flashing 
arrangement is equivalent to the spatially distributed 
dots. 

"They are same. ‘Dot piS pace, .dot, space, dot,’ 


is the same as "Flash, wait, flash, wait, flash.” Only 
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one of these," (experimenter points to choices 1, 2.and 3) 
Wein be theysame.scas «whats you wi li see", tom "feel ," 
depending on inspection-stimulus modality). "Two will be 


different, .kay-awNow. turn around," (subject sis, directed 
to tactual-simultaneous response choice to his right). 
“Put. youtehandsi -in shaves but gLook.ion. topes. Gan s/ousbee!l 
the knobs? You see this part of the game has three 
choices as well. This is number one, number two and 
number three." 

Experimenter directs subject's hands, from 
opposite end, to explore the stimulus. 

""Flash, wait, flash, wait, flash," is the same as 
this," (as subject is directed to: feel knobs and spaces 
between the knobs). 

"Okay? Now look at me. Patrick will put earphones 
on your head. Are they comfortable? Raise your hand 
when you can hear something." Appropriate decibel level 
and frequency are determined. 

"The buzzes are the same as the lights, “the same 
as the dots, the same as the knobs." Experimenter repeats 
"Flash, wait, .. . etc.," manually while assistant relays 
buzzes. 

"IT will hold up these cards,". (experimenter 
demonstrates by holding up cards with numbers, "1," "2" 
and "3") "and you will tell me which one is the same as 


what Vou willesee,. (or Peck!) “Eire t.. 
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eNext, Pat will tap you on. the back. Look at me. 
I will hold up these cards again and then Pat will tap 
you. The tapping is the same as the buzzes, the same as 
the knobs, the same as the dots, the same as the lights. 

"Let's try the games." 

Inspection stimulus is always given in a condition 
different than the one the subject will be presented with 
tHache trials. 


"Try to remember what you see," (demonstration). 
"Now, which one is the same as what you Saw? 


Do not give me an answer until you have seen" (or "heard" 


On “felts. “allethree choices.) Answer ‘one, | atwo*7or 
"three.' 

wihaAteSe rig. 20m NO ,etnLS 1S 'thescorrect 
answer." "Do you understand?" 


If subject did not understand, a maximum of two 
more examples was given. If subject Still did not under- 


stand, he was deleted from the sample. 
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APPENDIX B 


Data Recording Sheet 
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SUBJECT BIRTHDATE AGE 


TRIALS |CODE 1 | PRESENTATION CODE 2 RESPONSE CHOICES 
STIMULUS MODE 


